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‘LETTERS 
‘TO THE EDITOR 


More on Sherwood Number 


Regarding the naming of a new dimen- 


| sionless number in honor of Professor T. K. 
Sherwood. . . Although in general I think 
we have enough names for dimensionless 
groups, in this case it would be very ap- 
propriate to honor a representative of the 
U. S. school of chemical engineering in 


such a way. Tom has contributed much to 


transfer theory and application. All of the 


other dimensioniess groups are named in 


MODERN DRIVES honor of European investigators. I would, 
# You get exactly the right type of drive therefore, cast a vote in favor of naming 
to meet the imposed operating conditions | the number given by Professor Sage the 


and economic factors. “Sherwood number” as he recommends 


METAL-TO-METAL SEALS Princeton University 

| . . School of Enginee 
| Standard-Hersey dryers offer an exclusive a hool of Engineering 

metal-to-metal seal. Prevents in or out leakage Princeton, N. J. 

with a minimum of friction and attendant 

increase in power. Kohlins on More 


One of the really valuable things that 


COMPLETE CHOICE OF MATERIALS | the A.I.Ch.E. can do for the chemical 


- Standard-Hersey dryers are available industry is the establishment of equipment 
in any material necessary to meet your testing procedures. I was therefore glad 
“| product and service requirements. to learn that there is now available “Stand- 

ard Testing Procedure for Heat Ex- 
DEPENDABLE RUNNING GEAR changers.” This is something that probabls 

3 > most every chemical engineer will want. 


You are assured trouble-free performance 
under the most adverse thrust and load 
conditions. Ample allowance is made for 
expansion, both radial and linear. 


The committees charged with developing 


testing procedures for other types of equip- 


ment should be encouraged to publish their 


results so that they too will be available to 


practicing chemical engineers 


COMPLETE CONTROL 
Our thorough knowledge and extensive 
experience in control application assures you 
the most practical and dependable controls. 


There is, however, one thing disturbing 


to me. This concerns the charge for Test- 


ing Procedures of 25 cents for a member 


and 50 cents for a nonmember. It seems to 
me that such data should be supplied to 


ANTI-FRICTION BEARINGS | members without charge. There certainly 

: You may specify anti-friction bearings for is justification to charge nonmembers but 
heavy load, long-operating dryers. The small to charge members for a service which the 

additional cost is soon repaid. Institute should render does not seem to me 


(Continued on page 8) 


FUNCTIONAL DESIGN 
Sound functional design increases 
operating efficiency, reduces power needs, 
simplifies cleaning. 


Send for Free 12-page bulletin 
giving full dryer information 
and details about our pilot 

Lv plant testing of your product. 


* STANDARD STEEL CORPORATION 
a 5055 Boyle Ave., Los Angeles 58 « 7 E. 42nd St. N. Y. 17 


Chemical Engineering Progress December, 1953 


| 
j 
YOu Seiler vwyine— 
A 
iN. 
> 
2 Ay | 
Page 4 


Quick, 3-Way Adjustability Makes 


most FLEXIBLE in field 


for the first time, continuous centrifugal users can profit from 
NOW these 3 quick Tolhurst adjustability features: 


VARI - BEACH VARI- POOL HIGH F x G 
is a hydraulic- ORIFICE PLATES aids a difficult separa- 


mechanical combination 


drive with hand wheel provide a choice of seven 
control. It allows different pool depths 
instantaneous selection by simple adjustment. 


of the beach speed 
from 0 to 300 inches per 
minute 


tion, The Tolhurst 
“Maxi-Flex" Continuous 
user has a centrifugal 
force field which can be 
varied up to almost 
2,000 Umes gravity. 


OTHER TOLHURST MAXEFLEX” FEATURES 


Self-cleaning feed chambers allow maximum utilization of this machine's flexi- 


bility features. Full ball and roller bearings permit more compact inner bowl 
design. This design feature minimizes bowl deflection even when processing 


viscid materials at high speeds. 


Decide now to investigate the advantages of Tolhurst “Maxi-Flex” Continuous 


Centrifugals. Use the convenient coupon below. 


FREE 90-DAY TEST IN YOUR PLANT 


If you are agpong using continuous centrifugals 
or would like to investigate their application, ask 
for details about Tolhurst’s offer to supply a ma- 
chine for processing tests on your materials in your 


plant. 


CENTRIFUGALS 


Division of 
American Machine and Metals, Inc. 
East Moline, Illinois 


TOLHURST CENTRIFUGALS DIVISION 
American Machine and Metals, Inc., Dept. CEP-1253 
East Moline, Illinois 


Please send literature on Tolhurst “Maxi-Flex" Continuous 
Centrifugals. 


ADORESS 


City @ ZONE 


NAME AND TITLE 


' 

FIRM NAME 

' 
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FEATURES: 


MAINTENANCE COST: 
SERVICE LIFE: 


OPERATING RESULTS: 


| ee, 
In a leading lube oil plant on the Gulf Coast, using 


Crane Steel Valves on hot oil extraction lines from 
tower in Duo-Sol unit. Working pressure 100 psi at AVAILABILITY: 


850 degrees F. No “ 7X 


Valves formerly used here were identical in design and 


THE VALVE 


appearance with their Crane replacements. But the Work horse of the petroleum in- 
similarity ended there. For they gave continual trouble dustry—Crane 150-pound steel 
in this round-the-clock process. Sticking discs made gates—with exceptional perform- 


them extremely difficult to operate. They failed to hold ance assured by Crane quality 


tight on closure. Their replacement became mandato design... Crane metallurgy ... 
. ry and the high adaptability of Crane 


for operation. Exelloy trim for oil and oil vapor 

It’s been a different story since Crane 47X steel services. Sizes 2 to 24 in. ; screwed, 
gates were installed almost 2 years ago. No more stick- flanged, welding ends. See your 
ing of discs ... no leakage anywhere .. . and with only Crane Catalog or Crane Repre- 


sentative. 


routine maintenance. 


THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES + FITTINGS + PIPE + PLUMBING + HEATING 
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PLAN FOR HIGH TEMPERATURE, LOW 
PRESSURE HEAT WITH DOWTHERM 


DOWTHERM operates in a closed system for greater uniformity... 


with temperatures up to 750°F. held to a fraction of a degree! 


Any production plans you have on the board should 
include equipment for Dowtherm", the modern heat 


transfer medium for extreme accuracy. 


Dowtherm in the chemical, paint, petroleum, food and 
other process industries provides low pressure, high tem- 
perature heat, extending tae advantages of steam type 
heating to much higher temperatures with less expensive, 
thinner-shelled equipment which requires less space, too. 
The operation of your process is simplified, yielding 
savings in time, materials and equipment. From one Dow- 


therm installation comes the report of complete elimination 


of forced shut-edowns and a 50° reduction in operating costs! 
This is not unusual, but the general rule for those who 
take a long-range view of their heating problems in plan- 


ning new facilities. 


Investigate this unusual liquid material used as a vapor 
heating medium and the benefits it can bring to your 
processing operation. Make sure your plant is equipped 
for the highly competitive markets of the future .. . with 
the really modern heating medium. For complete in- 
formation on Dowtherm heating, write THE DOW CHEMICAL 
company, Midland, Michigan, Dept. DO 3-7 B 


you can depend on DOW CHEMICALS 
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There’s no 


middle ground with 
TANTALUM 


...its use is either 


pointless or imperative 


(Hyhe known properties of Tantalum, as well 

as countless “case histories” of its applica- 
tion, clearly define where this unusual acid-proof 
metal should be used. There’s no guesswork in 
deciding on Tantalum... no compromise of 
its natural advantages. 

If you are processing hot or strong acid solu- 
tions, if you are making a pure product in which 
equipment contamination or side reactions cannot 
be tolerated, Tantalum might be wisely employed. 
‘Taking a closer look, if the multiple costs of product 
spoilage, equipment maintenance and repair, shut- 
downs, and labor dislocations outweigh the single 
cost of ‘Tantalum, ‘Tantalum is indeed imperative. 

Call in a Fansteel engineer to help you decide 
on your possible need for Tantalum. 

Use Tantalum with economy for most acid solutions 


and corrosive gases or vapors except HF, 
alkalis, or substances containing free SO,. 


Ask for a copy of our free booklet 
**Acid-Proof Tantalum Equipment for Chemical Operations” 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, U.S.A, 


32404C 
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LETTERS TO THE EDITOR 


(Continued from page 4) 


to be proper. I also feel that preprints of 
various symposia should also be furnished 
to the members without charge. In both 
cases, I am not objecting to the amount of 
the charge but to the idea behind it. The 
Institute does little enough for its members 
so that an additional charge for these pub- 
lications seems to me to be going a litth 
too far. 

As a classic case in point, you might 
refer to TAPPI. I happen to be a member 
of this organization and just last week 
I received a bound book 364 pages long 
on the subject “Bleaching of Pulp; 
TAPPI monograph No. 10.” This is not a 
paper-backed edition but a regular book 
which covers 15 articles together with an 
index, This book is sent to all members 
of TAPPI without charge. In addition, 
as a member, I receive an annual bound 
book giving a bibliography of paper making 
and U. S. patents on the subject. 

In addition, every year a large number 
of printed loose-leaf sheets, giving all kinds 
of standards and testing procedures and 
data on the subject of pulp and paper, are 
sent to the membership. There is a steady 
stream of technical literature and data 
which are published by TAPPI and sent 
to all its members without any charge or 
without even a request by the member 
for this literature. In my opinion this is 
certainly a good example of a_ technical 
association serving its members, its indus- 
try, and itself. I think that the Institute 
could do well to attempt to follow a similar 
procedure. 

In addition TAPPI has a large and ac 
tive Chemical Engineering Committee that 
has done and is doing valuable and ex- 
tensive work on chemical engineering oper- 
ations and at no time has anyone from the 
American Institute of Chemical Engineers 
evidenced any interest in the work of this 
group. 

As a Case in point, they are now com- 
pleting a long and exhaustive survey on 
“Corrosion in Digesters,” which is certainly 
a matter of interest to chemical engineers 
and this information will be sent to all 
TAPPI members. It would seem to me 
that the Institute could benefit by offering 
at least to collaborate with this committee. 

I do not want to hold up TAPPI as 
the shining example of what a technical 
organization should be but certainly it is 
far more active that A.I.Ch.E. and appears 
to me to offer much more to its members 
For the A.L.Ch.E. to add insult to injury 
by making the charge of 25 cents for a 
“Testing Procedure” is more than the mem- 
bership can be expected to take. 

W. D. 
The Blaw-Knox Co. 
New York 
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PROCESSING KETTLES 


are available in our Research Laboratory 
To TEST NEW PROCESSES and NEW PRODUCTS 


New and untried processes frequently present 
unexpected problems. The safest procedure is to 
process a quantity of the product and observe the 
results. Such facilities are.available in the BUFLO- 
VAK Research and Testing Laboratory. Results 
show positively what is needed for your processing. 
Kettles can then be designed and built to most 
economically and profitably fulfill your expected 
requirements. 

Taking a new look at present methods that have 
been “going along all right for a long time,” fre- 
quently comes up with some startling new ideas. 


48-PAGE 
Gr ee! COLOR BOOK 


New Revised Edition 


.. . So detailed it is literally a 
handbook on Heating... Cool- 
ing... Drying, etc. 


You can save time, cut costs, and make better 
products, by using BUFLOVAK Kettles in your 
processing. BUFLOVAK Kettles have proved to 
be a vital part in processing operations . . . and 
operations can be progressively performed in the 
same unit, thus speeding up production, lowering 
investment costs, and increasing profits. 

BUFLOVAK Kettles perform a number of 
very basic operations; heating, cooling, mixing, 
extracting, reacting, distilling, evaporating, drying, 
and solvent recovery. Vacuum, atmospheric, or pres- 
sure operations can be provided. 


Kettle sizes range from the one gallon labora- 
tory size to massive 3000-gal. units. 

Positive mixing and thorough cleaning of the 
heating surface is provided by eight distinct types 
of agitators with modifications to meet the individ- 
ual need. 

Yes, you will profit, as are so many varied 
industries today, by specifying BUFLOVAK Proc- 
essing Kettles. 
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PLUG 


DEZURIK VALVES 


TO MINIMIZE LEAKAGE AND MAINTENANCE | 
TO ELIMINATE LUBRICATION AND FRICTION 


IN ALMOST EVERY VALVING SITUATION IN THE 
CHEMICAL AND PROCESS INDUSTRIES, DeZurik 
“Easy-Operating” Plug Valves are proving every day 
that they can INCREASE efficiency and DECREASE 


valve-trouble to an amazing degree. 


DeZurik Valves are different valves . . . featuring the 
exclusive eccentric plug which opens and closes with 
an easy quarter-turn, and operates in any service 
without forcing, sticking or clogging. There’s no 


friction, no lubrication, no fussy adjustment. 


TEFLON * OR RUBBER-FACED PLUGS 


To provide for all types of flow including corrosive 
services, DeZurik plugs are now faced with TEFLON 
or with resilient rubber. These facings are bonded to 
metal plug-cores . . . they provide a cushioned, dead- 
tight closure . . . these plugs won't score, can’t stretch 
or distort, resist gum-up and build-up. The eccentric- 
action makes them actually self-compensating for 
wear. (Plugs of cll-metal structure are also available.) 


FULL RANGE OF SIZES & METALS 


DeZurik kosy-Operating Valves are miade in bodies 
of almost all metals and in rubber-lined models, in 
sizes from 2" to 20”, one-way to four-way, for manual 


or remote operation. 


* TEFLON T. M. Reg. E. |. DuPont de Nemours & Co. 


OPEN FULL 
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LEVER-OPERATED LEVER-OPERATED 
Sizes 42" to 4” Sizes 5” to 20° 


AUTOMATIC CONTROL 
VALVES 


From to 20” 


WORM-GEAR OPERATED 
Sizes 4” to 20” 


AIR-OPERATORS 
For Valves 
Sizes to 20’ 


WRITE FOR COMPLETE DATA TO | 
DeZURIK SHOWER co 
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is easy to clean between cycles 


One man can open this filter, dump the cake from it, and close it 


again—in about ten minutes! 


That's one reason why the Niagara Style “H™ Filter can cut 
your costs on large liquid filtration and solids recovery applications, 
Then he returns clean Niagara can now offer you both vertical and horizontal pressure- 
leaf filters, with unit sizes from 20 to 1500 square feet. If you are a 
big user of filtration, you'll want all the facts on what these filters 


can do for you. Just write or mail the coupon today. 


LARGE CAPACITY—The Style “H™ 
Filter delivers high-clarity filtrate 
at rates up to 45,000 GPH. Sizes 
range up to 1500 sq. ft. of working 
filter area in one compact, leak- 
proof unit. 


ALLOY CONSTRUCTION—AT LOWER 
Cost —Because of its simple fabri- 


cated design, you can have the 
Niagara Filter in stainless steel 
and other alloys, for corrosion re- 
sistance, at low cost. Special linings 
are available, too. 


EXCELLENT CAKE-WASHING CHAR- 
ACTERISTICS Almost true dis- 
placement washing. 


JACKETING IS NO PROBLEM, EITHER 
The filter shell can be readily 

jacketed for heating or cooling at 

minimum additional cost. 


LOW DAY-TO-DAY COST—Tending 
the filter is a part-time job for one 
man. The all-metal leaves rarely 
require cloths — another big saving. 


NIAGARA FILTERS DIVISION, American Machine and Metals, Inc. 
Dept. CEP-1253, East Moline, Illinois 


Please send information 


on Niagara Filters for product of operation 


AMERICAN MACHINE AND METALS, INC, 
EAST MOLINE, ILLINOIS 


Name 
Title 
Company 


Address 


IN EUROPE: Niagara Filters Europe, Post Box 1109, Amsterdam-C, Holland 
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Wire Cloth 
Check Point 


Weaving 


Precision 


spots in a wire cloth could completely spoil the most painstaking 
screening operation. 


Our skilled workmen and pre- 
cision looms combine to make 
precision wire cloth that meets 
the most rigid specifications. 
All shute wires are porallel 
and all warp wires are parallel 
as they must be, to assure a 
uniformly woven cloth with no 
defects. One or two open 


In addition to its uniformity and freedom from imperfections, Newark 
Wire Cloth is noted for accurate mesh counts. Available in all the 
commercially used metals, Newark Wire Cloth is woven in sizes rang- 
ing from 4 inches (space cloth) down to 400 mesh. 


We maintain a large stock of the commonly used metals and sizes, 


and are ina position to make prompt shipments. Let us quote on your 


requirements. When writing, please give us details on your process. 


Send for our New Catalog E. 


/ 
NEWARI 
ACCURAC 


ewark 


ire Gloth 


COMPANY 


351 VERONA AVENUE * NEWARK 4, NEW JERSEY 
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NOTED AND 


f Specialist & Expert = Engineer 


The dictionary defines a specialist as 
a person who has devoted himself to the 
study of a particular branch of art or 
and thereby has acquired a 
particular or special knowledge of the 
subject. The expert is defined as a per- 
son who has been taught by use, prac- 
tice, and experience. .. . In the progress- 
ive life of our nation, we have need of 
both the expert and the specialist. It is 
when we find the two combined in one 
person that we have one of the most 
useful of our citizens—the engineer . . . 

The worst thief of time, among a 
man’s associates and his bosses is the 
fellow who takes twenty minutes of 
rambling discourse to tell what could be 
said in twenty words. There is a curious 
and widespread tendency among engi- 
neers to surround the answer to a 
simple question with so many prelim- 
inaries and commentaries that the an- 


| swer itself can hardly be discerned in 


the verbal fog. It is so difficult to get 
a direct answer out of some men that 
their usefulness is thereby greatly 
diminished. The tendency is to explain 
the answer before answering the ques- 
tion. 


Lewis A. Vincent 
National Board of Fire Underwriters 


Screening a Technical Author 


People need more good scientific and 
technical books. We all know that scien- 
tific research is finding important new 
principles nearly every day. If we are to 


| have an informed public that under- 
| stands the world around us, the prin- 


ciples must be explained in terms of the 

experience that has gone before. 
Generally, we should raise four ques- 

tions about the author of a scientific or 


| technical book: 


(1) Has he followed the scientific 
method, honestly and 
tently? . 

Is the writer a free scholar, free 
to tell the truth as he sees it? . . . 
Has his work been tested through 
free and open criticism by other 
scholars in the same field? . . . 
Has he the respect of competent 
colleagues in his field? . 


compe- 


C. E. Kellogg 
The Wonderful World of Books 


An unquenchable thirst for knowledge 
is one of man’s most cherished posses- 
sions. 


Grayson Kirk 
Columbia University 


December, 1953 
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HYGIRTOL* Hydrogen Plant at 
Lever Brothers Company, Los Angeles. 
The process employed in this plant, 
developed by Girdler, supplies hydrogen 
continuously at purities exceeding 99.8%. 


if it’s process design and construction 
IT’S GIRBDLER 


MAKE SURE your new processing facilities operate 
efficiently, centralize responsibility with Girdler. We're 


equipped to handle the complete job—design, engineering, con- 


struction—to save you time and assure proper coordination. We 


translate basic process designs into production plants, particularly 


for high-temperature, high-pressure processes, involving corrosive 


materials. Put Girdler’s experience to work for you . . . for infor- 


mation call the nearest Girdler office today. 


HYGIRTOL is trade mark of The Girdier Company 


the GIRDLER compos 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
LOUISVILLE 1, KENTUCKY 


GAS PROCESSES DIVISION: New York, Tulsa, San Francisco , 
In Canada: Girdler Corporation of Canada Limired, Toronto 
VOTATOR DIVISION: New York, Atlanta, Chicago, San Francisco 
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GIRDLER DESIGNS processes and plants 
GIRDLER BUILDS processing plonts 
GIRDLER MANUFACTURES processing apporatus 


GAS PROCESSES DIVISION: 


Chemical Processing Plants Plastics Materials Plants 
Hydrogen Production Plants Sulphur Plants 

Hydrogen Cyanide Plants Acetylene Plants 
Synthesis Gas Plants Ammonia Plants 

Carbon Dioxide Plants Ammonium Nitrate Plants 
Gas Purification Plants Hydrogen Chloride Plants 


Catalysts and Activated Carbon 


VOTATOR DIVISION: COMPLETE EDIBLE O11 PLANT 
CONTINUOUS PROCESSING APPARATUS FOR... 


Strained Food Bakery Ingredients Lubricating Grease 


Solad Dressing Confectioneries Paraffin Wax 

Soup Citrus Concentrates Resins 

Margorine Chemicals Paper Coating 
lard Textile Size And other Products 
Shortening Shaving Cream 


THERMEX DIVISION: HIGH FREQUENCY DIELECTRIC 
HEATING EQUIPMENT APPLIED TO... 


Foundry Core Boking Rubber Drying and Curing 
Wood Bonding Plastic Preform Preheating 
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Adding ‘Safety V5 to match heads 


Incorporated in match heads, Celite Mineral 
Fillers act as ‘safety valves” to prevent flare-up 
and kill afterglow. 

The explanation: Celite’s porous, thin- 
walled, cellular structure gives the match heads 
greater porosity so that gas can escape quickly, 

Celite’s abrasive quality also makes matches 
easier to strike. And from a production line 


standpoint, the high absorptive capacity of 
this mineral filler speeds drying of the match 
heads ... while its light weight and great bulk 
improve dispersion of the active chemicals in 
the match head mix. 

These and other unusual physical character- 
istics adapt Celite Mineral Fillers to numerous 
industrial uses. 


THESE CELITE PROPERTIES BENEFIT MANY TYPES OF PRODUCTS 


Celite’s minute, chemically inert particles have 
an irregular, spiny structure—which accounts 
for their efficiency as a delicate abrasive in pol- 
ishes, as a flatting agent in paints, varnishes and 
lacquers, and as a reinforcing agent for paint 
films and rubber products. 

Celite powders can absorb up to three times 
their own weight of liquid— making them par- 
ticularly useful in preventing ammonium 
nitrate crystals from caking, in absorbing liquid 
insecticide poisons, and in controlling pitch 
trouble at paper mills. Aad because the loose 


weight of Celite averages only 10 pounds per 
cubic foot—these mineral fillers are employed 
to fluff-up insecticide dusts and household 
cleansers, as well as to extend white pigments 
in paper manufacture. 

If you are looking for the “extra something” 
to lift your product above competition— 
at no extra cost—why not discuss your prob- 
lem with a Johns-Manville Celite Engineer? 
For further information and samples, write 
Johns-Manville, Box 60, New York 16, N. Y. 
In Canada: 199 Bay Street, Toronto 1, Ontario. 


CHECK LIST OF 
PRODUCT BENEFITS 
OBTAINABLE AT LITTLE 
COST WITH CELITE 
MINERAL FILLERS 


e Added Bulk 

e Better Suspension 

e Faster Cleaning Action 

e Greater Absorption 

e Improved Color 

e Better Dielectric 
Properties 

e More Durable Finish 

e Increased Viscosity 

e Elimination of Caking 

e Higher Melting Point 

e Better Dry Mixing 

e Improved Dispersion 

e Greater Porosity 


Johns-Manville CELITE 
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Announcing Foster Wheeler’s new 
MOUNTAINTOP PLANT... 


completely tooled to effecti vely meet 
your most exacting needs for steam generators, 
heat-transfer and process equipment ! 


IPATING your requirements for more efficient 
central station, industrial and process compo- 
nents, Foster Wheeler has installed in this new plant, 
near Wilkes-Barre, Pa., the latest, most modern 
equipment, such as: the 8000-ton beam press, 2 mil- 
lion volt x-ray facilities, the newest developments 
in submerged are-welding and high-speed drilling 


equipment, 83'2 foot long stress-relieving furnace 
and others shown here. 

This modern equipment, the plant’s proximity to 
steel supplies, and its strategic location for direct rail 
shipment to all areas, assure you of fast, economical, 
high-quality fabrication to meet your specifications 


for the largest, heaviest drums and pressure vessels, 


7, 8000-TON BEAM PRESS 
Hydravlically operated, will bend 
steel plates 40’ long, 8” thick. 


2, PLATE EDGE PLANER 
Will take the longest available 
plates, for cutting welding grooves. 


3, OVERHEAD CRANES 

Four large cranes capable of /ift- 
ing the heaviest and largest equip- 
ment easily. 


4. DOUBLE HOUSING PLANER 
Highest speed planing. 


J. AUTOMATIC WELDING 
MACHINES 

Submerged-arc, automatic flux re- 
covery-type, mounted on track. 


6. 500-TON CRIMPING PRESS 
For cold-bending edge of plate 
preporatory to rolling. 


7. VERTICAL BORING MILL 
Will machine work 12’ in diam- 
eter, Maximum swing 151”. 


Artist's sketch of the main bay of 
“the new Mountaintop, Pa. plant. 
800’ long, 90’ wide, 75’ high 


NEW YORK 


FOSTER WHEELER 


&., BENDING ROLLS — PINCH TYPE 
By hot or cold rolling will form 
cylinders for medium-pressure ves- 
sels. 


9. WiGHEST SPEED DRILLS — 
RADIAL TYPE 

These core mounted on ways and 
tracks, power positioned. 


70. ORUM FACING MACHINE 
Quick preparation of ends of cyl- 
inder for assembly with heads. 


FOSTER WHEELER CORPORATION 


Designers and Constructors of 


Process Equipment ¢ Chemical and Petroleum Plants 


LONDON PARIS 


Stationary and Marine Steam Generators and Condensers 


ST. CATHERINES, ONTARIO 


3 
; 


FOR ADDITIVES OR CHEMICAL REAGENTS 


Adjust-O-Feeder 


Model 1105-S 


@ LOW COST 


@ COMPACT 


Built-in standard motor — no separate 
gearbox or couplings. 


Built-in oil-enclosed gear reducer. 


@ MICRO-STROKE ADJUSTMENT 


Scale easily read —crank and connecting 
rod operate in horizontal plane. 


@ LONG LIFE AND EASY MAINTENANCE 
One-piece Meehanite iron frame for 
positive alignment of all moving parts. 
Double check valves on suction and 
discharge easily removable. 


This new, compact proportioning pump, by 


%Proportioneers, Inc.%, is inexpensive and 
meets most requirements for a low capacity, 
medium pressure chemical feed pump. The 
standard Model 1105-S has a’ capacity range 
from 1 to 10 GPH and will discharge against 
pressures up to 650 psig. For lower feeds, the 
unit is available with a range of from 0.5 to $ 
GPH. Complete and self-contained, Model 
1105-S weighs less than 100 lbs. and is ready 
to operate. 


Ask for Bulletin 1105 


Write to %PROPORTIONEERS, INC.%, 419 Harris Ave., Providence 1, R. I. 
Technical service representatives in principal cities of the United States, Canada, Mexico and other foreign countries. 
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A FRANKENSTEIN MONSTER 


Acork of years ago a most interesting discussion 
occurred in a hotel room at one of our national 
meetings. A half-dozen or so men, some of them re- 
cently returned from foreign lands, were examining 
the nature of capitalism as practiced in the U. S. A. 
and elsewhere in the world. There seems little room 
for doubt that our brand of capitalism is unique. Here, 
the capitalistic system is based upon the ideal of manu 
facturing and distributing as much goods as possible 
to as many people as possible at the lowest possible 
price. This system evolves from free enterprise and 
free and unlimited competition, Our antitrust: laws 
are accepted by businessmen who understand the im 
portance of competition. Elsewhere in the world 
capitalism seems to mean selling goods at the highest 
price the wafthe will bear and achieving a tight mon- 
opoly if possible. In our capitalism we pay our em 
ployees as much as we can so they can buy the goods 
we produce. In other lands the capitalist system seems 
to keep wages and salaries at an absolute minimum 
so as to leave as much profit as possible for the owners 
of the business. In the U. S., industry is owned by an 
enormous number of people, and largely by small 
investors or by insurance companies, pension funds, 
and so forth that represent savings of little people. 
Here, some companies have more stockholders than 
emplovees. Elsewhere, industry is often owned by the 
state or by families or small groups of the wealthy. 

It is, of course, confusing that such varied manilesta 
tions should be called by the same name —capitalism 
It seems doubtiul that Karl Marx and the apostles of 
hate would have dedicated themselves to the destruc 
tion of capitalism as it has existed here during the past 
half-century. Our system seems to be the perfect way 
to achieve the economic independence of the indi 
vidual. It is as new in the world as the political free 
dom which has grown here since the Declaration of 
Independence and the promulgation of the Bill of 
Rights. No Russian, before or after the capture of the 
government by Communists, could possibly understand 
the political and economic liberty that we enjoy. The 
same is true for other peoples in some measure, even 
those who speak the same language we do. 

The people of the U.S. A. are often accused of being 
materialistic. This means, it is supposed, that they 
value material things and creature comforts above 
intellectual and spiritual matters. This accusation very 
likely will always be made against those who have by 
those who have not and it is not necessarily true. Cer 
tainly, it may be hard for people in other countries 
to understand how our workers can own homes and 
farms, and cars and television sets, and still struggle 
upward toward a higher spiritual plane. ‘They may 
suspect that our workers have to give up something 
important to achieve this comparative wealth and com 
fort, much as Faust had to consign his soul to Mephis 
topheles. Lhe affluence of our workers has grown 
from political and economic freedom such as has not 
existed elsewhere. People not familiar with our mode 
of life are unable to comprehend this new phenomenon. 
We are not reduced to a lower spiritual plane because 
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we are well bathed, well fed, well clothed, well 
sheltered, and well trained to do our jobs. 

We in the United States have done wonders to de- 
velop our country and our people. The results of a 
survey just announced by the Twentieth Century Fund 
reports that the United States has about seven perceint 
of the world’s population and forty percent of total 
world income, Some per capita incomes for 1948 were: 
U. S. A., $1,525; Switzerland, $950; Canada, $895; 
Australia, $812; Sweden, $805; Great Britain, $777; 
France, $418; Germany, $336; Italy, $225; Russia, $181. 
From these data it is at once apparent that income 
does not depend entirely upon natural resources or 
anv such factor (witness Switzerland). The events of 
the past twelve years demonstrate to many people, at 
least, that the nation with the phenomenally high 
income, the nation which the “Twentieth Century 
Fund's report calls the “modern economic giant” is a 
nation with a heart and a desire to help other nations 
to improve their lot (What nation ever before gave away 
$40 billion?). There may be ample evidence of pro- 
fligacy and waste and many examples of foolish and 
unrealistic action in our economic assistance programs 
for other countries but the fact remains that our tax- 
payers, which is to say our citizens, bear these burdens 
with littl or no complaint, with far too little com- 
plaint in all probability. 

The Twentieth Century Fund report tells how the 
United States, through the Marshall Plan, Point Four, 
and other means has opened its technological secrets 
to potential competitors. Say the authors, rather 
gloatingly, “This policy is without precedent, just as 
is the present concentration of economic power in the 
hands of a single nation.” Not only have we opened 
our technological secrets to potential competitors, we 
have exported, in addition to our “know-how,” our 
dollars to rebuild industries to use the “‘secrets.”” What 
is more, much of the assistance has gone to the nations 
in the lowest per capita income brackets. With labor 
paid on so low a scale compared to ours, for example 
in Great Britain, France, Germany, and Italy, a revived 
chemical industry there will be able to undersell U. S. 
chemical industry right here in our own country un 
less we see to it that proper measures are taken. ‘The 
consequence of being careless or foolhardy in this 
regard will be a materially reduced standard of living 
for our chemical workers, chemists, chemical engineers 
and stockholders. 

Apparently, all U. S. industries are not in the vul 
nerable position of our chemical industry. Some big 
industries scem not at all concerned about tariff matters 
or even openly oppose tariff protection for U. §. in- 
dustry. Apparently, one cannot generalize. The facts 
seem pretty clear in the case of our chemical industry 
and chemical engineers are likely to be among those 
most affected by tariff policies in the near future. It 
would probably be very much in order to have a tariff 
discussion at one of our spring meetings, possibly the 
one in Washington, to bring out all the pros and cons 
regarding tarifls and their probable effect on our 
chemical industry and on chemical engineers. 


W. Nicnons 
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for greater efficiency... 


SADDLE PACKING 


NTALOX — the uniquely different “saddle” tower 
packing — gives higher flow capacities, lower costs, 
and\greater efficiency in virtually any type of diffu- 
yionaNoperation. 


INQALOX packs with greater randomness than any 
towek packtog available. Its non-symmetrical design 
is such\hat n& two pieces can fit exactly one into the 
other. Khus there is no “nesting”, minimum 
possibility ef blodked flow, complete freedom from 
pronounced Shanneltyg. 


The eliminatiot, of pattern packing not only means 
more free space, hut a greater surface area accessible 
to liquor and gas. 


Early tests which indtated Intalox had a 30°%-35% 
lower pressure drop and 15°7-20%@ higher flooding 
limit than Berl saddles arAbeing reheatedly substan- 
tiated by users’ reports. In Somparative studies with 
Raschig Rings, Intalox is shOwing a pXssure drop 
60%%-659% lower; flooding limits3007-40% higher. 


Intalox is establishing definite savitgs on operdional 
costs; reducing blower and pumping equipment 
requirements; reflecting increasing indications thxg 
substantial savings in construction costs vhrough re- 
duction in tower sizes are definitely practical. 


Intalox is currently available in 42”, 34”, 1” add 112” 
sizes in either white chemical porcelain or chemical 
stoneware, 

A request to Process Equipment Division, The U. 
Stoneware Co., Akron 9, Ohio, will bring samples and 
technical data quickly. 


AKRON 9, OHIO 


MANUFACTURERS AND FABRICATORS 
OF CORROSION RESISTANT MATERIALS 
SINCE 1865 
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Chemical Engineering from Soaps to Salads 


he fat and oil industry covers a 

diversity of companies and products 
as broad as the similar term petroleum 
industry. The size of the companies 
and tonnage handled are far smaller and 
new engineering advances have conse- 
quently been slower in coming and less 
startling after their arrival. Neverthe- 
less, chemical engineering and contin- 
uous processing arrived about the same 
time as they did in other branches of 
the chemical industry. Although the 


rate of abandonment of. old proc 
been slow, the changes are 


quite real with a marked effect on 


esses has 


economics and product quality. As an 
aid in explaining why more drastic 
changes have not taken place as well 
as in understanding those that have, it 
seems advisable to sketch in the back 
ground of the industry. 

In its largest perspective about 10 
billion pounds of fatty oils are con- 
sumed annually in the United States 
Of this about two thirds is consumed 
as food. Butter and oleomargarine 
run about 2.5 billion pounds of which 
margarine is perhaps a third. Lard, 
used as such, amounts to another 2 
billion pounds and liquid oils about 1 
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billion. Edible shortenings total an tured on a much smaller scale than this. 
other 1.5 billion. Edible lard which For example, a large soap plant mak« 
once had the entire shortening field to about ten different formulas of kettle 
itself lost this usage to the hydrogen soap, using different percentages and 
ated cottonseed and sova_ products vrades of the various available fatty 
best known as Crisco and Spry. In re oils. From these ten bases many more 
cent years lard, processed to reduce its differently finished products are turned 
typical flavor and improve other prop- out. While some of these bases are 
erties, has made a moderate comeback used only for small quantity items, at 
as a shortening least four are considered large items 
The other 3 billion pounds of fattv This demand for flexibility and variety 
oils are of the inedible grades. Soap makes the application of continuous 
still uses about 2. billion pound processes rather involved and_ results 
mostly inedible tallow and grease in small savings relative to the old 
Paints, varnishes and linoleum use batch units 
those stocks known as drying oils 
totaling about 800 million. The balance, — 
another 300 million, goes for miscel 
laneous uses such as special fatty acids, The next important part ot the back 
lubricating greases, printing inks, svn vround is that of raw-material costs 
thetic detergents, ete rhe edible grades of oils will run 14 
These data refer to pounds—neither to 20 cents/Ib.; drying oils about the 
barrels nor tons. One large petroleum same. Many of these are interchange 
refinery handles as great a weight of able, at least in part, when subjected 
material as the entire fat and oil in to further processing. ‘Thus cottonseed 
dustry. In the latter a large processing and soybean oils compete for the mar 
unit in a large company plant might = garine and shortening business along 
handle 10,000 Ib./hr. and cost two to with edible lard. Soybean oil competes 
three million dollar Manv products with linseed; linseed and dehydrated 


even in a large company, are manuta castor with tung oil for drving pur 


The author of the accompanying article, a Cornell chemical engineering 
graduate with a doctorate from New York University, is with the research and 
development department of the Colgate-Palmolive Co. As head of the soaps 
division Mr. Lawrence is responsible for the development of new soap and syn- 
thetic detergent bars. After graduating in 1941 he spent three years with Colgate- 
Palmolive before leaving to go with Carbide & Carbon Chemicals Corp. on the 
Manhattan Project. He returned to Colgate in 1946. 

In this discussion of the fat and oil industry the author gives some interesting 
data on economics and product quality. 
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poses whenever the price differentials 
permit the necessary processing costs. 
Even these are subject to competition 
from synthetic resins of which glyceryl 
phthalate is the best known. 

The inedible 
which form the backbone of the soap 
and industrial fatty acid industry 
should be selling at 8-9 cents/Ib. to 


tallows and greases 


be in line with the above-named prices. 
Today, however, the large-scale re 
placement of soaps with petroleum 
based synthetic detergents has cut off 
about 500 million pounds from fat 
sales. Furthermore, when synthetic 
detergents are made from fats, they 
are sold as trade-named products with 
only about one third as much active 
material as comparable soap products 
Iience, the fats go further and _ less 
poundage is required. This has brought 
the tallow market down to about 4 
cents/Ib., a price which makes the large 
packing houses look around for other 
outlets. Since retail meat customers 
have only a limited tolerance for buy 
ing large quantities of fat with their 
roast beef, rendered tallow accumulates 
as a by-product. There is even a rumor 
(though unlikely) that one large pack 
ing concern has considered processing 
tallow to recover glycerine and then 
burning the fatty acids. Since glycer- 
ine sells at about 40 cents/Ib., the fatty 
acids derived from 4-cent tallow are 
worth only a cent and a half. In any 
event, the hope for tonnage chemicals 
from fats derives from the currently 
depressed tallow market. With the re 
sulting henefits to the nations’ farmers 
as their goal, the Regional Labora- 
tories of the Department of Agricul 
ture are searching for economically 
sound outlets of fatty oils, including 
chemical uses. Though considerable 
progress is being made, research and 
development are slow processes. 

Of the above prices only tallow and 
grease can be considered cheap as a 
starting point for tonnage chemicals 
Furthermore the industry as presently 
constituted is not set up to exploit this 
kind of industrial chemical market. 
Examined from a distance the present 
industrial setup can be considered as 
buying fats by the tank car and selling 
them, after some processing, in small 
packages to private consumers. Being 
organized on this basis, raw-material 
costs amount to about 80% of manu- 
facturing costs. To sell new chemical 
engineering processes to the existing 
industry, the new process must offer 
one of the following advantages: 


1. Higher yield, lower losses from currently 
used raw materials. 


2. Ability to use cheaper grades of raw 
materials. 
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3. A better quality product, which will pro- 
mote sales. 


A saving in operating labor or utili- 
ties alone is seldom sufficient to justify 
gambling on a new untried process, 
much less if old-style processing equip- 
ment is still serviceable. 


Conversion Processes 


A brief outline of the processing by 
which fatty oils are converted into use 
ful products will serve to define terms 
before going into a more detailed 
description of the newer processing 
methods 


All fatty oils have to be recovered from the 
fibrous tissue in which they occur in nature. 
Those which are normally liquid are mechanically 
pressed from the tissue and may be completely 
recovered by solvent extraction. This applies in 
general to the vegetable oils. Those which are 
normally solids are usually heat rendered, such 
as tallow and grease. The quality of the recov- 
ered fatty oil will be largely determined at this 
point. If the seeds, beans or fatty tissue, are 
allowed to oxidize and rot, if they contain con- 
taminants such as flesh and blood in animal fats, 
or, if they are overheated, the recovered oil will 
be permanently affected. As a general rule the 
best quality final products can be made only 
from best quality original oil. Fractions of a 
per cent of oxidized fat or contaminants are 
never completely removed. Low-grade fats can 
be markedly improved as to color and odor but 
will remain inferior to their better quality 
brothers properly processed. 


For the better quality uses, whether 
as edible oils, drying oils or soap, the 
fat stocks are subjected to refining 
with alkali and to bleaching with ac- 
tivated earth or carbon. Alkali refining 
reduces the free fatty acid normally 
in the crude oil but, even more im- 
portant, the soap slurry formed carries 
with it proteins, phosphatides, gums 
and color bodies. Some of the impuri 
ties removed by this treatment are 
known; others, it will be noted, are de- 
scribed in general terms. The soap 
stock, also called refining foots, ob- 
tained is usually dark in color, of bad 
odor, and poor stability. From edible 
oil processing it is usually sold to soap 
makers and 
Bleaching of the refined oil then re 
duces the color still further and filters 
out any entrained soap stock 

For edible purposes the oil—usually 


cottonseed or sova 


fattv-acid processors 


is either hvdrogen- 
ated lightly to improve its stability on 
aging (as for salad oils) or more fully 
to convert it into a more solid fat 
suitable for shortening or margarine. 
Hydrogenation, at first glance, in- 
volves the saturation of double bonds; 
actually a simultaneous isomerization 
of the naturally occuring cis configura 


Chemical Engineering Progress 


tion to the higher melting trans torm 
occurs at the same time. The desirable 
properties of proper plasticity of the 
solid and melting point depend on the 
control of these two simultaneous re- 
actions. The oil is then subjected to 
steam stripping under vacuum to re- 
move volatile impurities, which con- 
tribute to off-odors and tastes. 

For drying oil, blends of oils and 
resins are used with the selection de- 
pendent on both price and the use for 
which the final product is intended 
From soybean oil a more highly un- 
saturated and drying 
fraction can be separated and the less 
satisfactory fraction utilized for other 
uses. This faster drying fraction com- 
petes with linseed oil, which in turn 


hence faster 


can be subjected to fractionation 
processes to yield a tung-oil competitor. 
Castor oil in which the fatty fraction 
contains a hydroxy acid—ricinoleic—is 
dehydrated to give another tung-oil 
competitor. Dependent on their lower 
price, fish oils and tall oil (a by-product 
from the paper industry) can be used 


in part. 


For soap uses tallow and cocoanut oil are the 
most common fats. Usually the color is reduced 
by refining and bleaching or by extraction with 
liquid propane—the Solexol process. Then the 
fats are reacted with alkali to form soaps and 
release glycerine as a by-product. The glycerine 
is extracted by an alkoline brine, which is 
sufficiently concentrated to salt out the soap as 
an insoluble curd. Dilution of the curd with 
water converts it into a pumpable liquid called 
neat soap. Alternatively the fats are hydrolyzed 
with water to yield fatty acids and aqueous 
glycerine. Since the acids have less than one- 
third the molecular weight of the original fat- 
glycerine ester, they can be distilled anc hence 
improved in color. This constitutes the major 
advantage of the fatty-acid proces for soap 
makers. A simple neutralization of the distilled 
acids with aqueous caustic soda is used to give 
a molten soap essentially identical to neat kettle 
soap. 


For other industrial uses the fatty 
acids may be separated by fractional 
crystallization. The solid acids are 
referred to as commercial stearic; the 
liquid as red oil or commercial oleic. 
The former has a ready market; the 
red oil however is more difficult to 
move except at much lower prices. 
This illustrates one of the major prob 
lems facing the dream of “tailor-made” 
soaps, which was the center of such 
speculation and hope about ten vears 
ago. At that time there was consider 
able discussion on how soaps should 
be made by the optimum blending of 
the individual fatty acids previously 
separated from the naturally occurring 
mixtures. It is easy enough to separate 
fats into their component acids by 
crystallization and fractional distilla- 
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Courtesy of Foster Wheeler Corp. 
Fig. 1. Fractional distillation of fatty acids. 


tion. It is also easy to pot to one or mianutacture is dependent on corvert verted into an amide or ester, leaving 
two fractions and show how valuable’ ing the terminal carboxylic acid group multiple hydroxyl groups to give the 
they would be. However, the less de- into a sulfate or sulfonate. The so hydrophobic-hydrophilic balance to the 
sirable fractions won’t just go away. dium salts of the sulfates and sulfon molecule. Unfortunately in most cases 
Usually half of the fractions have no ates perform well im hard water it 1s expensive cocoanut-oil acids which 
particular virtues, and with high-cost whereas the carboxylic acid (soap) give the best performance and these 


starting material this unpleasant fact forms insoluble lime salts. One method face stiff competition from the petrol 
looms large. Asa Way out ol this di- is to reduce the carboxyl to an alcohol eum-based sulfonated alkyl benzenes 
lemma one company is getting ready for either by sodium reduction or hig 


large-scale oxidation of oleic acid to pressure hvdroget are The alcohol Distillation Operation 
vield the more valuable nine carbon can then be treated with oleum to give 
atom mono- and dicarboxylic acids an alkyl sulfate. Another method is to From an engineering viewpoint the 


Fractional distillation of cocoanut fatty  esterify the carboxyl with a polyalcohol fat and oil industry is typical of those 


acids to strip out the eight and ten sulfate which converts the acid to an intermediate-sized chemical operations 


carbon atom acids is apparently eco- ester and leaves a terminal sulfate. which started the transition from batch 


nomical because the light ends are not Alternately the carboxyl can be con- to continuous operations only within 


wanted in soap and are wanted for verted to the more reactive acid chlor- the last twenty years. As has heen so 


reduction to the fatty alcohols prior to ide and, by reaction with sulfonated commonly the case, the successful op- 


conversion to dioctylphthalate-type plas amines, ‘converted into amides with erations in the petroleum industry were 
ticizers. terminal sulfonates. There is also ac used as a guide and Modified to fit the 
The use of fats as starting materials tive interest in so-called nonionic peculiar properties of the materials 


for large-scale synthetic detergent detergents where the carboxyl is con- handled. Once the 18-8 stainless 


steels 
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were cleveloped in the late 1920's and 
early 30's, a major block to high-tem 
perature processing was removed. This 
opened the way to the development of 
continuous methods for the manufac- 
turing and processing of fatty acids 
and the preservation of fatty-oil quality. 

Distillation operations which had 
made use of direct-fired iron pot stills 
with copper condensers now use Dow- 
therm 
towers 


vapor heating and bubble-cap 
(Fig. 1). These old stills pro- 
duced large quantities of polymerized 
material or pitch and poor-quality acid 
containing 
oxidation catalyst. Even under 
mm. Hig abs. the difference between 
the boiling point and the decomposi 
tion temperature range 1s narrow 
that the close control provided by Dow 
therm is a must. As a thumb 
300°C, (575°F.) may considered 
as the maximum permissible tempera- 
ture; 280° C, (536° F.) is preferable. 
Decomposition occurs below this but 
can be tolerated. The equilibrium boil 
ing point for eighteen carbon-atom 
acids at 20 mm. Hg abs. is 242°C.(13). 
Superheated steam is usually used to 
reduce the partial pressure still further 
and to provide agitation” Simple dis 
tillation, where all volatile products 
are taken overhead and dark, nonvola- 
tile material is the only bottom product, 
is now continuous. Bubble-cap columns 
with 2 mm. Hg or less pressure drop 
per tray are becoming fairly common. 


dissolved copper—a pro 


5-25 
SO 


rule of 
be 


Reboilers are designed with low holdup 


to keep decomposition at a minimum. 
One manufacturer makes  bubble-cap 
columns with hollow trays, each of 
which is Dowtherm heated, to provide 
vaporization at the lowest possible 
pressure. One unit has been built with 
Koch Kascade trays and is operating 
successfully (2). 


In addition to the simple and fractional dis- 
tillation of acids, stripping operations are carried 
out to remove volatile odor and flavor constitu- 
ents from nonvolatile fatty oils (Fig. 2). Using 
large volumes of steam as well as good vacuum, 
deodorization is handled both in batch vessels 
and continuous columns (3, 17). Since any free 
fatty acids in the feed stock will steam-distill out 
with the odor and flavor bodies, the method is 
economically applied only to alkali refined oils— 
usually of edible grade. Special precautions such 
as hot tops are often used to prevent condensa- 
tion of stripped impurities. 


Fractional Crystallization 


Another operation which has been 
brought up to date by borrowing pe- 
troleum techniawes is fractional crys- 
tallization. The older method involved 
first chilling fats or fatty acids, then 
wrapping the solid fat stock in cloth 
bags in which the acids are partially 
heated and to separate the 
mother liquor from the higher melting 
(3). Similar to solvent 
dewaxing, the newer installations now 
utilize continuous chilling of a fat-sol- 
vent mixture with subsequent filtration 
on drum 


pressed 
constituents 
filter (5, 


a continuous 


(see Fig. 3). Both aqueous alcohol and 
liquid hydrocarbons including propane 
have been used. The installation in- 
cludes the usual elaborate solvent-re- 
covery equipment. One of the major 
problems in the application of this op- 
eration that of obtaining good 
fllterable crystals which can te easily 
washed free of the mother liquor. 


1S 


Solvent Extraction 

Extraction with solvents as applied in this in- 
dustry takes many forms, some ranging into the 
field of “art.” The most straightforward appli- 
cation is that of separating fatty glycerides ac- 
cording to their degree of unsaturation by coun- 
The unsatu- 


tercurrent liquid-liquid extraction. 


rated acids are more polar than the straight- 
chain saturated acids. 
(7), 


Using a polar: solvent 
such as furfural the highly unsaturated 
the extract. 


countercurrent columns with 


fractions appear By use of 
ond with 
nonpolar naphtha as a second solvent, practical 


separations can be achieved. 


reflux 


This process is 
primarily of interest in the paint and varnish 
field where the more unsaturated portion of 
makes a linseed substitute and 
substi- 


themselves 


soybean oil 
linseed makes a 
Although the 
would be easier to 


that from tung-oil 


tute. fatty acids 


separate, the glyceride 
esters are desired for drying-oil purposes. Liquid 
propane can also be used for this separation, 
but is of greater 
(6, 12). 


its critical temperature, the oxidized fats and 


interest for decolorization 


By using the propane slightly below 


the color bodies are less soluble than the simpler 
straight chains and can be separated from the 
good oil or fatty acids as a separate phase. This 
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Fig. 2. Deodorization of edible oils. 
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Fig. 3. Emersol process—fractional crystallization Fig. 4. Solexol process—liquid-liquid extraction with propane. 
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Fig. 5. Kennedy extractor for oil from cottonseed flakes. 
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is M. W. Kellogg's Solexol process of decoloriza- 
tion (Fig. 4). 


The principal application of solvent 
extraction, however, is in the winning 
of vegetable oils from their seeds (3). 
As applied on a large scale to cotton 
seeds and soybeans, it is the central 
step of a multiple step process The 
seeds are cleaned, hulled, rolled into 
flakes, cooked to breakdown the cell 
walls and coagulate proteins, and then 
extracted with hexane or a similar pe 
troleum fraction. Many of the plants 
are continuous with elaborate provi 
sions tor moving the solids flakes 
countercurrent to the solvent stream 
as shown in Figure 5. (717). Some 
plants press the seeds first and recover 
part of the oil mechanically before ex 
traction. Then again other plants don't 
use solvent extraction at all but carry 
out all the recovery by pressing. Not 
only does the over-all problem include 
that of efficiently extracting oil from 
a solid but also is attended by a multitude 
of quality problems relating to the 
toxicity of the solid cake which is sold 
for animal feed, and to the color 
refining losses in further processing 
the oil. These quality factors in turn 
are related to the flake cooking opera 


tion as well as the subsequent extrac 


tion. The economics of the operation 
requires the production of a salable 
animal feed as well as recovery of 
good oil 
Many of the eperations carried out 
fat and oil industry are more 
complex from an engineering view- 
point than the single unit operations 
considered so far. Combined reactions 
and extraction are common characteris- 
tics. In the modern continuous fat- 
splitting process (1), fat and water 
are fed into a countercurrent tower 
(Fig. 6). At about 450° F.-5690° F. 
even without catalysts, the fats break 
down into fatty acids and glycerine. 
The fats being the lighter phase are 
fed to the bottom and leave at the top 
of the tower Water fed to the top 
extracts the glycerine released as a 
reaction product of the hydrolysis of 
the glvceride esters. Removal of the 
glycerine from the oil phase and its 
replacement by water permits the re- 
action to go to completion. Catalysts 
increase the reaction rate but the ex- 
traction rate controls the final vield. 
The engineering analysis of this opera- 
tion is further complicated by the three- 
step reaction which occurs as the tri- 
glyceride ester hydrolyzes stepwise 
through di- and monoesters to free 
acid and glycerine. Relative to the 
older Twitchell process the reaction 
can he carried nearer to completion 
with consequent economical _ benefits 
in vield of distillable acids and recover- 
able glycerine 
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Soap making also involves extrac- 
tion of liberated glycerine resulting 
from decomposition of the fat. In this 
case the fatty acids are tied up at the 
sodium soaps which are salted out of 
the solution as a curd by the strong 
electrolyte; the glycerine is extracted 
into the aqueous phase (75). In batch 
kettle. operation the free glycerine is 
extracted by repeated washing with a 
salt lye using open steam for agitation 
In a large production operation the 
washing is carried out batch counter 
current with the washing lye being 
pumped from one kettle to another. 
rhere are also a couple of continuous 
soap processes. Sharples Corp. has 
one (14) in which the washing is 


carried out countercurrently in a series 
of mixing stages followed by centri 
fuges to separate the two phases (Fig 
7). A French process uses a tower with 
separate sections provided with mixing 
and settling zones so that a counter- 
current operation is achieved (1@) 

More details on soap making can be 
used to illustrate why the fattv-oil in 
dustry is generally plagued by a lack 
of firm fundamental data which results 
in vague engineering 


For soap the principal feed stock—the fat 
is a multicomponent mixture containing o number 
of fatty acids esterified with glycerine. Usually 
more than one fat is used so that five to eight 
different acid: are usually present in appreciable 
quantities. The fat is reacted with a mixture of 
caustic soda and salt with sufficient total electro 
lyte to keep the sodium soaps grained out as 
soft curds. Depending on the szlt concentration, 
the curds mey be large and soft or small and 
hard or tight-grained. Better mixing and wash- 
ing are obtcined with soft curds but sufficient salt 
must be present to prevent the soap from going 
into solution. This necessary salt concentration 
is different for different fatty-acid soaps. After 
the saponificotion is complete, the curd soap is 
washed, not only to remove glycerine but also 
to reduce the free alkali. Since the soap must 
be kept grained, the wash lye used in the last 
stages is relotively higher in salt and lower in 
caustic than the first wash lye. Finally with the 
glycerine removed, it is necessary to finish the 
soap in such a way thot the alkali and salt are 
reduced and the soap left in a pumpable condi- 
tion. First, water is added, reducing the salt con- 
centration till the soap is almost ready to go 
into solution. At this point a so-called half-finish 
lye is removed and with it much of the residual 
salt and caustic. Then more woter is added until 
the soap curd is large and only traces of a 
separate lye layer can be noticed. 

The mixture then settles slowly into an upper 
layer of “neat” soap containing only about 30% 
water with only 0.5% salt and less than 0.25% 
free alkali and a lower layer of watery soop 
called “nigre,”’ which contains only about 35% 
soap, considerable salt and alkali, and the soaps 
of some of the darker oxidized fatty acids. Part 
of the lower layer is degraded to a darker 
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product to avoid color build-up and the balance 
is recycled to another kettle. 


The above-related phenomena must 
be considered in designing a continuous 
process such as the Sharples unit which 
includes continuous nigre separation 
Economic considerations also dictate 
the use of a minimum quantity of water 
since added water forms a load on the 
glycerine house evaporator and econ- 
omy in caustic soda requires that the 
excess alkali in the Ives to the glycer 


ine-recovery process also be kept low 


Fatty Alcohol Sulfates 


The most important commercial pro 
duction of chemical fat derivatives is 
that of fat-based synthetic detergents, 
principally the fatty alcohol sulfates 
Fatty esters are reduced to fatty al 
cohols by either high-pressure hydro 
genation (76) or metallic sodium (&) 
The alcohols are then treated with 
oleum to vield the alcohol sulfates 
which on neutralization with alkali 
give the sodium salts. Both cocoanut 
oil and tallow are now used as starting 
stocks for the products Though so 
dium reduction is the simplest ap 
proach, it brings with it an economic 
problem — for uch reduction re- 
quires a minimum of 4 moles of so- 
dium which ultimately ends up = as 
sodium hydroxide. If fatty glycerides 
are used as the starting ester, then the 
caustic will contain glycerine. Pre 
sumably this has been used in the past 
for soap-boiling operations in) which 
the glycerine is readily recovered. To 
dav, with declining soap sales, this 
outlet is becoming restricted (4). Un- 
doubtedly this problem can be overcome 
by first converting the glvcerides to 
esters ot ome lower alcohol and re- 
covering the glycerine at that point. 
However this is another processing 
step and is presumably one reason for 
the renewed interest in high-pressure 
hydrogenation 

One more operation can be mentioned 
to illustrate the scope of engineering 
in the industry. 

The well-known packaged synthetic detergents 
and packaged soups such as Fab, Tide, Surf, 
Super Suds, Rinso, and Duz are spray-dried 
beads. They will run from 10 to 100 mesh in 
sieve size with the bulk of the sample at 40.60 
mesh. This large size particle is free flowing 
and relatively low in dust. To produce such 
products a slurry is made up by mixing the 
neutralized synthetic detergent or soap base 
with added inorganic salts such as phosphates 
and silicates and with other minor ingredients. 
This slurry at 60-70% solids is pumped to o set 
of atomizing nozzles in the top of a tower where 
the resulting droplets are dried by hot air (Fig 
8). The towers are of the order of 20 ft. in 
diam. and 60-80 ft. high ond have o capacity of 
10,000 to 15,000 Ib. /hr. The air flow may be 
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The dried 
beads are separated from air stream, cooled, 


either concurrent or countercurrent. 


perfumed, screened to remove tailings and pack- 
aged. To avoid being a public nuisance fine 
dust is removed from the tower air before ex- 
hausting to the atmosphere. Material which is 
too coarse or too fine is recycled to the slurry 
mixers. Particle-size distribution, fines, apparent 
density, moisture, and decomposition of the ex- 
pensive polyphosphates all require consideration, 
and are controllable in part by balancing the 
drying air temperature, air flow rate, air flow 
pattern, size and design of spray nozzles, slurry 
concentration, and slurry temperature. 


Summary 

By selecting a few of the more in- 
teresting applications as_ illustrations, 
an outline has been attempted of chem- 
ical engineering in the fat and oil 
industry. The author has tried to show 
how the peculiar economics of the in- 
dustry gets in the way of a lot of good 
engineering. Naturally there are many 
day-to-day problems in fluid flow and 
heat transfer but even these are not 
straightforward. Sizing of fat and 
oil pipe lines may be easy, but 60% 
solids slurries are troublesome. The 
latter are called liquids by courtesy 
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Fig. 8. Spray drying for soaps and detergents. 


only. The fundamental engineering 
necessary for design of heat exchangers 
and mixing vessels for non-Newtonian 
fluids is not readily available. Extrac- 
ting cottonseed oil from fiakes and 
drying soap beads requires knowledge 
of diffusion within the 
In the latter case even securing 
representative samples from various 
points within a spray-drying tower be- 
comes a knotty problem. The industry 
is slowly filling in the large vacant areas 
in physical property data and developing 
techniques for engineering research. 
However, the easiest way to size a soap 
line is still to pick up the ’phone and 
ask the foreman, “How big is the yellow 
soap line over to B-7 building?” 


mechanisms 


solid. 
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History and Philosophy of 
Chemical Engineering Education 


Long interested in chemical engineering education, one time 
head of the chemical engineering division of the University of 
Illinois, the author of this article, Donald B. Keyes, has studied 
its history and philosophy and has come up with some 
interesting data and stimulating views of the pioneering days. 
Here is the story of progress since the early nineteen hundreds. 
Dr. Keyes is now New York representative for Arthur D. Little, 
Inc., industrial research and engineering organization of 
Cambridge, Mass. He has been also associated with the 
U. S. Industrial Chemical Co., and with Heyden Chemical Corp. 
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he philosophy of chemical engineer 

ing education encompasses the de- 
velopment of curricula, courses, teach 
ers, teaching methods, and even labora- 
tories and other facilities. On the basis 
oft this definition, our purpose ts to trace 
the changes in the philosophy of chem 
ical engineering education over the four 
main periods of growth in the United 
States: (1) from a few vears betore 
the end of the nineteenth century to 
the beginning of World War 1; (2) be- 
tween 1915 and 1925, the period in 
which quantitative principles were 
roughly stated; (3) from about 1925 to 
this country’s entrance into World War 
Il, vears in which chemical engmeering 
education saw its most remarkable 
growth; and (4) from the end of the 
war to the present time 

Although the American’ chennecal 
industry had been developing in the 
nineteenth century, it was not until 
World War I forced the United States 
to create a synthetic organic chemical 
industry that the need for chemical 
engineering graduates became evident 
\iter World War I the chemical in 
dustry in this country began to grow 
tremendously and continued to grow 
even faster during and after World Wat 
Il. Today almost any graduate of a 
reputable chemical engineering cur- 
riculum can find challenging opportu 


nities in our chemical industry 


D. B. Keyes 
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History of Chemical Engineering 
Instruction 


The Massachusetts Institute of Tech- 
nology is credited with having organ 
ized, in 1888, the first curriculum in 
chemical engineering in this country. 
In 1894 the University of Lllinois cre- 
ated a curriculum in applied chemistry 
and a separate department for that pur- 
pose, and at Tulane University the name 
of the department of chemistry was 
changed to chemistry and chemical en- 
gineering. The University of Michigan 
in 1898 curriculum in 
chemical engineering, and after the turn 
of the century many other colleges {ol- 
Unfortunately, 
however, the courses in chemical en- 
gineering largely 
Some interest was shown 
engineering equipment but seldom from 
a quantitative design standpoint. 


established a 


lowed these examples. 
were descriptive. 
in chemical 


In Europe comparable activities were 
getting underway. In England, George 
E. Davis lectured on chemical engineer- 
ing in the Manchester Technical School 
as early as 1887 and in 1901 published 
the first handbook of chemical engineer- 
ing. Although Davis had indicated the 
desirability of treating the subject 
quantitatively, most of his material was 
descriptive. E. Sorrel of France in 1893 
wrote a book on distillation in which 
the quantitative side was stressed. E. 
Hausbrand of Germany published a 
similar book in the same year and fol- 
lowed it with another book in 1895 on 
chemical engineering from a quantita 
tive standpoint. 

In the early days of the American 
industry, most chemical experts working 
in the chemical industry were called 
industrial chemists, rather than chemical 
engineers, Their training was in chem 
istry, and few were in the engineering 
field. It was the graduate of the mechani- 
cal curriculum was 
most interested in the design of equip 
ment for the chemical industry. The 
chiet industrial problem was in adjusting 
a chemical reaction so that it would op 
erate in standard equipment already de- 
signed and built by mechanical engi- 
neers. 

The industrial chemist, with an ex- 
cellent knowledge of chemistry but little 


engineering who 


training to solve the large-scale prob- 
lems of the chemical industry, satisfied 
the educational world. The curriculum 
in chemical engineering fifty years ago 
embraced engineering and chemistry, 
with emphasis on the latter. There was 
little recognition that chemical engineer- 
ing was not a mixture of the two fields, 
but a distinct branch of engineering. It 
was this attitude that prevented the 
growth of chemical engineering educa- 
tion in the early 1900's. 
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Who was the first chemical engineering department head? 
We don’t know for certain, but “C.E.P.” enlisted the aid of 


Professor T. K. Sherwood of M.I.T. in checking. The 


result 


was a picture of Professor Lewis M. Norton, sketched at right, 
who in the words of Sherwood “was a professor of chemistry 
here back in 1882-93 and who, according to Doc, (W. K. 
Lewis) was ‘head of the course’ when chemical engineering 
became a separate curriculum administered by the Chemistry 


Department. 


Doc thinks this makes Norton the first head of 


a chemical engineering curriculum in the world.” 


It should be remembered, moreover, 
that in these early days practically no 
synthetic organic chemical industry 
existed in this country. Rather it was 
in Germany that rapid strides were 
being made in the creation of new 
organic compounds. Most of the proc- 
here came from Europe. Our 
endeavors were confined largely to 
heavy chemicals employing large-scale 
production and well-known 
processes. New equipment, even of the 
larger type, was usually developed in 
Europe and brought over here, where 
it might be improved by experienced 
engineers. 


esses 


chemical 


Thus, a group of “practical” chemical 
engineers gradually emerged who had 
obtained their training through ex- 
perience. As the quantitative principles 
of chemical engineering were not taught 
in the colleges, these men developed 
their own knowledge and methods. This 
knowledge was valuable, but was con- 
sidered umpatentable and therefore se- 
cret, a philosophy that also contributed 
to the stultification of chemical en- 
gineering education 

A similar attitude prevailed at this 
time in Germany. The industrial chem- 
ists, who had done an excellent job 
in applying their knowledge to the syn- 
thesis of valuable organic 
rose in the industry. engi- 
neering, in fact, played only a small part 
in the synthesis, largely because the end 
products were costly and were made in 
relatively small units. There was a 
tendency to belittle the engineering fea- 
tures of a synthetic organic process 
and to place greater emphasis on de- 
veloping new processes and products. 

Aiter World War I, this attitude 
changed, particularly in America. 
American production methods demanded 
large units and low labor 
Processes had to be made continuous. 
It was the American chemical engineer 
with his vision and daring that made 
these large-scale syntheses feasible and 
reduced the cost of the final product for 
universal use. 


chemicals, 
Chemical 


costs. 
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Modern Chemical Engineering 
Education in U. S. 


The American Institute of Chemical 
Engineers was organized in 1908, but it 
was not until 1922 that its first official 
definition of chemical engineering was 
developed by the chairman of the Ac- 
crediting Committee, Arthur D. Little: 


Chemical engineering, as distinguished from the 


aggregate number of subjects comprised in 
courses of that name, is not a composite of 
chemistry and mechanical and civil engineering, 
but itself a branch of engineering, the basis of 
which is those unit operations which in their 
proper sequence and coordination constitute a 
chemical process as conducted on the industrial 


scale. 


An earlier report by Dr. Little and 
William H. Walker of M.I.T., directed 
to the corporation of M.I.T. in 1915, 
had clearly described this concept of the 
unit operations of chemical en- 
gineering. 

Over the years definitions 
have been advanced and the A. I. Ch. 
E. recently approved a description of 
chemical engineering and incorporated 
it in its Constitution: 


basic 


several 


Chemical Engineering is the application 
of the principles of the physical sciences together 
with the principles of economics and human re- 
lations to fields that pertain directly to proc- 
esses and process equipment in which matter is 
treated to effect a change in state, energy con- 
tent, or composition. 


Unit operations was the first real ap- 
proach to the quantitative side of chem- 
ical engineering. With the exception 
of heat transfer and fluid flow, which 
are recognized today as the basis for 
these operations, unit operations such as 
distillation, evaporation, filtration, etc., 
had achieved recognition because well- 
known and specific equipment was used. 
It is interesting to note that most of 
these physical operations did not in- 
volve chemical reactions. The unit- 
operations concept immediately awaken- 
ed interest in the quantitative aspects 
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of the subject. In 1916 Warren K. 
Lewis of M.LT. gave four papers on 
unit operations at the annual meeting 


of the American Chemical Sox ety. In 
1923 appeared the first great treatise 
on the principles of chemical engineer- 


liam H. Walker, W. 


ing, written by 
K. Lewis, and W. H. McAdams, all of 
M.I.T. This was the start of a series 


of texts and reference books based larg 


ely on the unit operations of chemical 
engineering 

Interest was so intense that the 
American Institute of Chemical En 


gineers organized an Accrediting Com 


mittee to study chemical engineering 
education and to establish requirements 
The committee by 1925 had started to 
accredit various curricula in chemical 


throughout the United 


engineering 


Professor of Industrial 
State College, ’90; Ph.D., 


wInstructor in Chemistry, Pennsylvania State College, 1892-94; 
Instructor, Massachusetts Institute of Technology, 1894-1900 Mem- 
ber of the firm of Little & Walker, Chemical Experts and Engineers, 
1900— ; Associate Professor Massachusetts Institute of Technology, 


1902—. 


Technique, M.1.T. Student Yearbook. 


States. The list of accredited curricula 
has since grown from fourteen in 1925 


to seventy-seven in 1953, 


The Intermediate Period 

Afte1 the publication ol Walke 
Lewis MeAdam’s text in 1923, W. 
ind W. L. MeCabe of the 


ind 


fadget 


University of Michigan published theit 
“Elements of Chemical Engineering,’ 
in 1931, and several monographs on 
unit operations were published 

Basic chemical engineering became 


ubrect ror and 


laboratories. This 


an important study 


perimentation espec) in the large 


industrial research 
turn, increased the un 
of 


ulum became 


development, in 
terest ot 
gineering ; 


professor chemical en 


the more 


and more popular; more and more young 


men trained in unit operations were 
added to the university staffs: and the 
teaching ot chemical engineering from 
the quantitative standpoint was greatly 
improved This attitude was well re- 
ceived by the chemical indu try. Pilot 


plant design became more 


scientific, ane 
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the profit sheets reflected the value of 
this training. 
Like all 


operations 


ideas, the concept of 
unit has its faults. Much 
work has been and is being done on 
between variables 
within a unit operation. Concepts that 
justifiable from the standpoint 
of pedagogy have been extended beyond 
their field of For example, 
the famous two-film theory where trans- 
fer takes place between a gas 
liquid has been a valuable concept, but 
it has little point, when it is applied 
where films as in the 
formation and breaking up of bubbles 
in a fractionating column. 


great 


empirical relations 
were 


usefulness. 


and a 


no exists, such 


Modern Trends 
Since chemical engineering is mainly 
a study of the control of chemical re- 


WILLIAM H. WALKER, S.B., Ph.D., ® K %, Associate 
Pennsylvania 


Chemistry. S.B., 
Gottingen, ’92. 


Residence, 613 Walnut Street, Newtonville 


William H. Walker, who with A. D. Little, developed the concept of unit operations. 
It was about this time that Professor Walker began to transform the curriculum 
from one of industrial chemistry to one of chemical engineering. 


actions on a large cale n order to 
produce high yield it reasonable costs, 


i tremendous amount of itundamental 
work especially phy remaims to 
he done betore il engineering 
education can advanee \Mluch n nitust 
be known about the transfer botl 
enerey ind material m vascou 

and solid media. Knowledge of applic: 
chemical kinetu ind reaction it 

faces must be greatly extended betore 

have a real b ron 
Despite these gap n knowledge 

the chemical dustry constantly 
growing: if it cid not. it would ever 

tually die for there is no such thine as a 
stable chemi industry (One cannot 
expect a protit on a single proce ind 
product to be continuous no matter how 
etheient the process or | useful the 
product. Future developments w il 
wavs outimode the proce nd possibl 

the product. It is this philosophy that 
underlies the complexity of the chemical 
industry and, in turn, denies the chem- 
ical engineering professor a tixed cur- 
riculum. He cannot teach the ame 


courses year in and year out; they must 
constantly change and improve. 

For the present, the usefulness of 1! 
chemical graduate to in 
dustry can be improved by adding 
his curriculum courses in the 
damentals of economics and specifically 


enginecring 


hut 


their application to the chemical in 
dustry. This subject has been added 
only recently to our chemical enginect 
ing curriculum, not because of a lack 
of interest but because of untamiliarity 
with the subject. It not a subject 


that can be 
or perhaps 


reduced to a few simple laws 
we should say that the laws 
but the application 1s 


are simpl com- 


plicated. 


Economic Evaluation and Appraisal 
Most of the older men in the chemical 


industry spend more and more time 


Above is taken from the 1904 


evaluati the results ot research and 
development. Sooner or later all chenn 
cal engineers, young or old, must learn 
to con technology and economics in 
rder to appraise and evaluate result 
portant question ould be 
inswered im an evaluation of an in- 
t velopment 
\\ total mst 1 the 
nat ot thre first reial 
t ‘ lopmen i it i 
| wt thre bable profit 
per ‘ hat 
the predictes 1 hat th 
hable profit In ed: and 
chen the 1 devel ent on 
th tl pre ‘ com 
pany 
The accompanying Table reveals 
that chemical engineerme « umnot be 
eparated fron ndustrial economics, 
However, it is evident that basie knowl 
or cher pin together 
with mathemati ind general applica- 
tion of science to the chemical industry 
is the paramount goal of a four-year 
curriculum, In the light of conflicting 
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Table A.—Outline of the Appraisal of an Industrial Process Development 


(Capital Cost, Probable Profit, and Length of Life) 


1. RAW MATERIALS 


. Past, present and future cost 


Extent and adequacy of pre- 1. 

sent and future source 

1. Number of producers 

2. Location of source 

3. Collection and transpor- 
tation 

4. Seasonal production 

5. Waste material 


namic) 


Specifications and character 
of impurities 

. Container or package 
Storage 


Patents 
1. Monufacture 
2. Use 


Cc 
D 
Legal requirements F. 
G 
H 
I. 


. Tax, tariff, etc. 
Safety factors 
Possible future developments 


NOTE: Factors to be considered when evaluating a patent: 


1. Extent of coverage by the claims 


2. Exactness and completeness of the specifiations 


3. Validation by a court 


. PROCESS OR OPERATION 


. Chemical processes A. 
Equilibrium (static or dy- +. 


a. Yields 
b. Conversions 
¢. Material balances 4. 
d. Energy balances 5. 
2. Rates (time) 
3. Character of equipment 
4. Labor requirements 
5. Power requirements . 


Physical operations 
(Similar to above) 
. Production rate (optimum) 
. Patents (manufacture) 
Legal production matters 
Safety factors 
. Capital cost 
Operation cost 
Possible future developments 


tll. PRODUCT (Old and New, 
Including By-products 


Character of the product 
Chemcial properties 
Physical properties 
3. Specifiations and 
ties 

Containers or package 
Storage 

6. Safety factors 

Market (past, present and fu- 
ture use) 

Uses 

2. Capacity 

3. Price range 


impuri- 


Patents 
1. Product patents 
2. Use patents 


Trade marks 
Legal requirements 
Tox, tariff, etc. 
. Sales service required 
. Advertising 
Character of the customers 
Number 
Location 
Size 
Length of life 
. Trade agreements 
Competitive products 
Character of competitors 
(same as for customers) 
Possible future developments 


theories, the question arises as to 
subjects of a technical eco 
should be included in a 


chemical engineering curriculum, 


how many 


nomic nature 


Curriculum and Courses 


At first a large variety of chemistry 
was included in all chemical engineering 
curricula. It became 
that more 


chemistry and fewer descriptive courses 


soon evident, 


however, quantitative 
were needed. The importance of physi 
cal chemistry was thus established years 
On the hand, analytical 
chemistry, wherever it had to do with 
and 
niques, has slowly disappeared. 


avo othe 


empirical methods specific tech- 
To a 
certain extent, its place has been taken 
not only by better and more extensive 
courses in physical chemistry but also 
recently by instrumental 
courses deal with the 
underlying physical principles and are 


not truly descriptive. 


courses in 


analysis. These 


Organic chemistry, because of the 
importance of the modern synthetic or- 
ganic industry, has 
popular in recent years as a fundamental 
course. This is especially true of labo- 


chemical become 


ratory courses devoted to the analysis of 
organic unknowns. Their importance is 
not that the student learns how to 
analyze unknowns but that he is forced 
to understand the basic principles of 
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chemistry. Furthermore, the 
student develops self-reliance; the labo- 
ratory instructor is not permitted to do 
his thinking for him. 

Qualitative inorganic chemistry, on 
the other hand, is fast disappearing from 
the curriculum. Strictly speaking, it is 
a graduate course and is not qualitative 
analysis but a form of semiquantitative 
analysis. 


organic 


Such a course requires con- 
siderable background knowledge. Cour- 
ses in inorganic synthesis are taking 
the place of these particular courses in 
the freshman and 
principles of chemistry are also being 
put in the freshman Another 
significant trend is that more and more 
courses in 


year, quantitative 


course, 
thermodynamics are being 
given’ by chemical engineering protes 
sors. 

The importance of sound courses in 
physical chemistry has been obvious for 
many Besides thermodynamics, 
the professor of physical chemistry has 
been teaching courses in chemical kinet- 
I:xperience has shown that the 
student benefits if courses in applied 


years, 


ics. 


chemical kinetics 
sor in chemical 
more likely to 
problems. 


are given by a protes- 

who is 
industrial 
Considerable discussion has 
taken place over the years on the value 
of laboratory courses in physical chem- 
istry. The argument against them seems 
to be the excessive time consumed. 


engineering, 
understand 
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Courses in mechanical and electrical 
engineering were popular in the chemi- 
cal curriculum some years ago, but it 
is doubtful that they are needed in the 
crowded curriculum of today. 

As far as the more specialized en- 
gineering subjects such as mining, 
ceramic, petroleum, automotive, and 
aeronautical engineering are concerned, 
it is unlikely that they have much place 
in an undergraduate chemical engineer- 
curriculum. In recent years there 
has been some argument as to the ad- 
visability of teaching metallurgy and 
metallurgical engineering to chemical 
engineering students. Metallurgical en- 
gineering is, strictly speaking, a branch 
of chemical engineering but need. not be 
required. 

Less debatable is the 
fundamental courses in physics. Often 
included today are re 
quired courses in theoretical and ap- 
plied mechanics and kinetics. 

All professional curricula, too, should 
have courses in mathematics. The 
difficulty that has been en 
countered in the chemical engineering 
curriculum is that higher 
mathematics, such as calculus and dif- 
ferential equations, are taught by the 
mathematics department, whose interest 
generally lies in theory and whose 
knowledge of chemical engineering is 
limited. On the other hand, if a 
practical course in the use of dif- 
ferential equations is taught to chemical 
engineering students, it is obvious that 
it must be taught late in the program 
when the student is familiar with mathe- 
matical problems in his field 


ing 


inclusion of 


with physics 


primary 


courses in 


In early days all curricula in chemi- 
cal engineering included surveying and 
machine and wood shop work. These 
courses have largely been eliminated be- 
cause the student spends too much time 
and energy learning specific facts and 
techniques for which he has little use 
in industry. 

Many 
drawing in chemical cur- 
ricula. Industrial practice seldom re 
quires skill in this subject, but a working 
knowle le helpful. The 

may not make mechanical 
but he does make free-hand 
sketches, especially for reports and pres- 


educators favor mechanical 


engineering 


e is chemical 
engineect! 


drawings, 


entations of his own ideas. 

Today our universities are frustrated 
by the fact that the high school product 
is seldom able to use English adequately. 
Present belief is that English can be 
learned only by constant guidance. The 
student should practice good writing and 
speaking habits in every course that re- 
quires a written or oral report. One 
university requires freshmen in cheny- 
cal engineering to enter a theme-writ- 
ing course. When they have had three 
themes accepted, they are allowed to 
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leave the course, but if at any time in 
college they submit a poorly written 
report they go back into the course 
and must produce three more 
factory themes. This form of training 
is having a satisfactory effect. Another 
college employs two professors from the 
English department to correct chemical 
engineering reports. 


satis- 


It has been customary to require a 
foreign language, French or German, in 
the curriculum 
Experience shows that, a student can 
be taught to translate technical literature 
in less time if the 
for this purpose. 


chemical engineering 


course is designed 

Many schools introduce chemical en 
gineering early in curriculum, 
in the sophomore or even the freshman 


the 


year. Most students, however, can do 
better in these courses once they have 
learned fundamental physics and the 


quantitative principles ol 


Probably even elementary 


chemistry. 
engineering 
cannot be adequately taught before the 


junior year. Most people agree that a 
five-year curriculum is fundamentally 
better than a four-year course, but 


financially it is not feasible. 

On the subject matter of the chemical 
engmeering Courses 
obvious that unit operations and 
essential. The old time indus 
trial chemistry or chemical technology 
reduced to 
or the descriptive 


them elves, it 1s 
proce 
esses are 
a cultural course 


has been 


naterial is given in 
other chemical engineering courses. In 
recent years it has been found desirable 
to introduce industrial economics when 
describing industrial chemical processes 
Recent articles on the subject are preter 
able to antiqu ited textbook, 

Chemical 
cerned with material, energy, and eco 
nomic balances. Studies of this 


ter tend to bring together in 


engineering is vitally con 

charac 
a single 
problem many basic principles formerly 
taught in separate courses in chemistry 
physics, and chemical en 
The import ince of this view 

point is clearly brought out in Chalmer 


mathematics 


neering 


(;. Kirkbride’s “Chemical Engineering 
Fundamentals,” published in 1947. 


In this respect, the student contest 
problem started by The American In 
titute of Chemical Engines in 1932 


has contributed much to the development 
ot chemical engineering education in 
this country. These are practical prob 
lems devised by men in industry, which 
require the student to 
his courses in science and engineering 


Some schools consider these problems 


draw upon al 


more satisfactory than actual laboratory 
research. 

"Most educators recognize that thesis 
wk, especially for a master’s degree, 
is at least theoretically desirable. Actual 
practice, however, has shown that thesis 
wark is usually inefficient except in the 
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case of a student who is working for 
his doctor’s degree and has presumably 
had some experience. 


Laboratory work has received con 


siderable attention over the years, but 
so far no one has developed a sufficient 
method of handling it. Years ago the 


attitude was that the student should find 
out a little about what he might expect 
in the chemical industry by operating 
semicommercial-scale industrial equip 
ment. This idea has never been sats 

factory, but the student at least learns 
not to lubricate a pump with sulfuric 
acid and to recognize the importance ot 
pressure-release valves. 

About forty years ago the first elabo 
rate chemical engineering laboratories 
were installed in Columbia University 
Students were permitted to prepare in 
organic chemicals on a pilot-plant seal 
wherever the procedures were relatively 
simple and the process included only a 
steps. A 


experienced chemical engineer were al 


iew skilled mechanic and an 
Ways present not only to prevent break 
down of equipment, but also to sateguard 
the student. The student, however, de 
signe d the process ar d plant ed the work 
These laboratories probably repre ented 


the best of those im existence at that 
date. This general idea became popular 
and other institutions followed th 


example, although seldom on the ime 
scale. The course was primarily a prepa 
ration of inorganic chemicals m gre 
than test-tube 


ite! 
quantities. 
school 


One has operated over the 


vears various stations in mdustry called 
Here the student test 
and evaluates processes and operatior 
equipment 
conditions. 


practice schools. 


under actual commercial 
7 his 


appeal in that it 


scheme has a distinct 


gives the student the 


real atmosphere of a chemical plant 
ind permits him to study a process, prod 
uct, or equipment and to make his own 
evaluation. ‘To reproduce similar 
laboratory within the university is eco 


nomically out of the question, and it 
is probably impossible for many schools 
to follow the practice 
because industry must contribute much 


school idea 


, and after the 
ception of unit operations was generally 
act epted, built 

operation 
found that the 
fluid flow and 


As years went by con 
laboratories 
test 
equipment. It 


were 
order to semiscale unit 
Was soon 


two underlving subjects 


heat transfer—required special equip 

ment that could usually be made in 

expensively in the college shops 
Standard chemical engineering 


equipment even on a reduced scale was 
not always satisfactory for instruction 
purposes. A for 
example, had to have much more effi 
cient controls when it mall 
scale than it did on a large scale 
Furthermore, for test purposes all sorts 


fractionating column, 


Was on a 
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and analytical equipment 
loday much of the 
our 


of sampling 
had to be devised. 
elaborate 
tional 
research but 


equipment in mnstruc- 


Was 


dk signed tor 


tound 


laboratories 
was later valuable 
work, 


for course 


Additional Subjects 


There is still a tendency to attract 
students by specialized 


tor 


ottering them 


chemical curricula, 
example, in the fermentation mdustry. 
In this case, because of the popularity 
and 
products and because ot the new com- 


engineering 


of the antibiotics other biological 


plexities of the engineering involved, 


the student has a preconceived notion 
that he would like to go into this par 
ticular field 


curriculum is 


The graduate of such a 
bound in the end to be 
less efficient than the boy who is 
broadly This 

that our colleges should not offer sound 
the 


problems of the new biological industry 


more 


trained does not mean 


engineering courses encompassing 


Such courses are necessary and worth 


while. The difficulty is to find time for 
such specialized courses except in the 
graduate school. Specialized courses 
n definite fields of chemical engineer 


ing such as a single unit operation 
first thought desirable, 


time these too have become ut popular 


were at but in 


Because a university should be more 
than a training school, the appreciation 


ind literature cannot be 


Young people should he pre 


of music, art 
ivnored 


pared not only for their profession 
but also for good citizenship. Further 
more, they should learn in their four 
vear college curriculum omething 
about the valid pleasures of life. They 
should also, as preparation for their 


civic responsibilities, learn something 
of the fundamentals of government and 
of the 


history of the 


social economic, 


and political 


rapidly shrinking world 


in which thev live 


Faculty and Administration Policies 


It has been stated that a_ college 
builds its reputation not on its facilities 
but on its staff. This dictum is borne 
out in the development of chemical 


engineering education in this country 
hould not 


ilso have 


the imstructor 


only know the subject but 


unbounded enthusiasm and interest in 
the development of chemical engineer 
hould 
chemical enginecr 
direct contact 
industry As do 
members of 
staff should 

knowledge 
actual practice. The 
common method is to permit an instruc 


ing and chemical engineet It 
be obvious that the 
faculty 
with modern chemical 
medical 
the 


ing must have a 
imstructors, the 
chemical engineering 
continue to increase their 
of the enbiect by 
tor to do consulting work to the limit 


of his abilities. At the same time, it 
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is recognized that hi 
educational and hi 


primary work is 
prime obligation 
is to the university and its student: 
Moreover, it is possible that the pri 
mary reason the instructor is able to 
be a consultant for industry is because of 
work that he and hi 
tudents are doing at the university. I 


the tundamental 


this connection, industry is often will 
ing not only to provide funds, but also 
to supply special equipment and othe: 
facilities and to share in coope 
research with the university 

On the other hand, it has often been 
ud that a professor of chemical engi 
lhould have spent a period of hi 
life in industrial research and develop 


ment away from the university. In 
order to entice such men back into the 
academic field the university must 


permit them to obtain a living wage. 
Here again is a reason for engineering 
professor to 
work. 


engage consulting 


Instruction 


In the past fiity years thousands of 
man-hours have been devoted to a dis 
cussion of how to teach chemical en- 
gineering and related subjects. No one 
seems to have found the solution. Pro 
fessors who know their subject and 
have an interest in the student and a 
desire to promote chemical engineer- 
ing education are not always success- 
ful. Perhaps great educators are born 
and not made. It is regrettable that 
most of us agree that thev are few in 
number, Today in our huge educa- 
tional “factories” economics dictates 
that the average student may have little 
contact with the great educator. Most 
of the student's work is with young 
graduate-student assistants. 

The picture is further complicated 
by the fact that the chemical engineer- 
ing curriculum is not primarily chemi- 
cal engineering but is largely science, 
with only about 30 per cent of its 
courses taught by the chemical engi- 
neering faculty. It should be recog- 
nized that the other 70 per cent are 
equally important and their quality mav 
at times be the determining factor as 
far as the success of the graduate is 
concerned, 

Fortunately, bright young students 
have found one way out of the dilemma. 
lor years they have gathered together in 
the evening for “bull” sessions. The 
brighter men invariably are able in 
such sessions not only to work out 
their assignments, but also to develop 
among themselves clear conceptions of 
the material presented in the lecture. 
It can be said that many of the success- 
ful graduates of the chemical engineer- 
ing curricula throughout the country 
are self-educated men. It is now recog- 
nized that these so-called “self- 
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educated” men ask only that they be 


exposed to leaders in the academic 
world, that they be permitted occa 
sionally to discuss with their professo 

subject matter that puzzles them, and 
that they be allowed to go to a school 
where they are surrounded by stu 


dents with equal talent 


Statistics 


In order to show the growth of 
chemical engineering education in the 
last half-century in this country, a few 
tatistics are given. ‘The first table 
increased enrollment oi 
chemical engineering students in U. S 
from 1910 to 1952. It also 
gives an indication for these years ot 


shows the 
colle ges 


the percentage of the total engineer 
chemical engi- 


ing students who were ig 


neers. 


Table 1.—Student Enrollment in U. S. 


Colleges 
CHEMICAL PER CENT OF ALL 
ENGINEERING ENGINEERING 
YEAR STUDENTS STUDENTS 
1910 869 3.7 
1920 5,743 
1936 12,550 20.0 
1946 17,392 14.0 
1950 13,647 8.4 
1952 12,704 91 


Another table is given to show the 
effect of World War II on chemical 
engineering and all engineering stu- 
dents : 


Table 2.—Graduates in Engineering From 


U. S. Colleges 

CHEMICAL TOTAL 
YEAR ENGINEERS ENGINEERS 
1936 1,705 (4th place) 8,088 
1941 2,955 (3rd place) 12,455 
1945 (end 
of W.W. Il) 557 (2nd place) 2,321 
1950 4,671 (4th place) 38,422 
1952 2,743 (4th place) 30,286 
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It will be noticed that enrollment 
from 1936 to 1952 was interrupted by 
the war, when most of our engineering 
schools shut down 
under the mistaken notion that there 


were practically 


was no time for education. 


Salaries of chemical engineering 
graduates have increased enormously 
in the past 37 vears. The following 


table is an indication of what has 


happened : 


Table 3.—Average Minimum Monthly 
Starting Salaries 


WITH B.S. WITH PH.D. 
YEAR DEGREE DEGREE 
1916 $100 $165 
1951 $300 $500 
1952 $360 $500 +- 
‘These figures are only approximate. 


It should be remembered that the dollar 
has been devaluated and the cost of 
living greatly increased. ‘The chemical 
engineering graduate today is probably 
not so well off financially as he was 
in 1916. Furthermore, present salaries 
may be for the present emergency only. 
Also, because of a low birth rate in 
the early thirties, the high schools are 
supplying graduates than they 
were a few years ago. 


fewer 


What of the Future? 


The future is predicted from the 
major trends of the past. Our process 
industry is growing enormously. The 
modern chemical engineering curricu- 
lum with its broad fundamental sub- 
ject matter will undoubtedly be em- 
ployed to train the majority of the 
men needed for this expansion. 

Owing to this demand, it is expected 
that our instruction will improve, and 
it is hoped that fundamental research 
in chemical engineering will give our 
educators a better basis for this in- 
struction. We shall undoubtedly have 
the funds, facilities and jaculties to 
meet any challenge because the future 
of chemical engineering education in 
this country is assured. 


The Ultimate 


The highest aim in chemical engineering edu- 
cation, as in all education, is to train the 
student to think for himself. Any curriculum, 
any subject matter, or any type of pedagogy 
that will accomplish this result will justify its 
existence. . The history of the activities of 
our graduates has shown conclusively that our 
greatest teachers have been the men who have 
inspired their students with a desire for accom- 
plishment in their field—a desire that can be 
fulfilled only by creative thought.* 


* J. Chem. Education, 10, No. 12 (December, 
1933). 
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Manufacture of Nitroglycerine 
by the Biazzi Continuous Process 


Production of nitroglycerine by the Biazzi continuous process is described with 


H. J. Klassen and J. M. Humphrys 


Canadian Industries Limited, Montreal, Canada 


special reference to the design of the equipment ond operating experience at the 


90 years since Nobel erected 


the 
The 
plant consisted of a number of open 
porcelain or enameled cast-iron pots, 
containing a mixture of nitric and sul- 


tis1 
the first commercial plant for 
manufacture of nitroglycerine. 


furic acids to which glycerine was slow 
'y added while the 
by hand with a glass rod. Since 
ing provided, the 
glycerine nitrated in each pot was only 
one or two pounds. The nitration pro- 
ducts were poured into water, where- 


stirred 
no cool 


whole was 


was quantity of 


upon the nitroglycerine formed an oily 
lower layer from which the dilute waste 
acid 
through a 


was separated by running off 
stop-cock in the dilution 
vessel. The nitroglycerine was washed 
with water until neutral. 

Nobel’s original plant was destroyed 
by a tatal explos on only two vears alter 
Because of the well-known 
associated with nitroglycerine 


starting 
hazards 
the development of the manufacturing 
process has yu 
might 


ceeded more slowly than 


otherwise have been the case. 
Safety in operation took precedence over 
the mechanical and chemical efficiencies 
of the process 

Nevertheless the batch process has 


been developed to a high state of ef- 


ficiency and individual plants have es- 
tablished safety records. Nitrators were 
fitted with 
ing coils and either mechanical- or air- 


increased in size and cool- 
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first such plant erected in North America. 


agitation systems. Recovery of spent 


acid was made possible by the intro- 


duction of a separator vessel into which 
the agitated emulsion of nitroglycerine 
and spent acid might be run and allowed 
to stand while the former separated out. 
Washing of the crude nitroglycerine 1s 
done with water and sodium carbonate 
solution, The tirst or prewash ts carried 
the nitrator 


out in a separate vessel in 


house, employing air agitation, and the 
final washing is done im a_ separate 
neutralizer house where the purities 


nitroglycerine 1s also stored 


7 he 


tween the 


movement of nitroglycerine be 


various steps ol the process 
is trequently effected entirely by gravity 
iall and the plants are then constructed 
to take advantage of hilly terrain In 
some batch plants there a pulsometet 
after the prewash operation which off- 
sets part ot the loss of head 

factors as 
acid composition, nitrating temperature, 


Study and control of such 


and washing procedure have resulted in 
raising the yield of nitroglycerine in the 
batch process to about 95-96% of the 
theoretical yield 

Continuous nitration of glycerine was 
patented as 1878 (5), and a 
fully continuous manufacturing scheme 


as early 


was patented more than fitty years ago 
(2) 


Hiowever, largely because of con- 
cern about the safety of the innovations 


proposed, only two continuous processes 
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have found any general acceptance 
the one introduced by Schmid about 
1927, described in the literature (7, 3, 4 


6), and the other by Biazzi in 1935. The 
Schmid process has operated satistac 
torily in Europe but was never adopted 
in the United States or Canada 

In the selection of a proces 
manufacture at the Calgary 
the alternatives were a continu 
or the standard batch pro 


tor nitro 
elvcerine 


us proce 


ce ready in use at other explo ive 
plants. The decision to install the Biazzi 
process was made primarily because it 
possessed the advantages of continuou 
operation and attention to sate opera 
tio The much smaller quantity of 


nitroglycerine present at moment 


buildings 


any 


in the proce also permitted 


a more compact arrangement, thu 
hortening lines and redu ing the size of 
building It has been standard prac- 
tice at explosive plants to install 


duplicate nitroglycerine equipment as a 
tand by in the event of lo 
equipment. It was not judged nece 
to provide duplicate 
for stand-by 
plant. 


ol operating 
ary 
Biazzi equipment 


ervice at the Calgary 


Description of Biazzi Plant 


The plant at Calgary is designed to 
produce 2,500 Ib. of nitroglycerine /hr. 


With the exception of a few minor ac- 
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cessories the equipment in the nitration 
section is made of 18-8 stainless steel. 
The inner surfaces of the apparatus con- 
taining nitroglycerine are highly pol- 
ished in order to avoid trapping nitro 
glycerine on rough surfaces. No valves 
are in the path of nitroglycerine, which 
is able to flow freely from the nitrator 
to the tinal storage tanks, and all totally 
enclosed spaces have a drainage hole at 
their lowest point to prevent accidental 
holdup of any nitroglycerine leakage. 
Thus no drop of nitroglycerine can re- 
main stagnant in the apparatus either 
during operation or after the closing 
down of manufacture. 

Glycerine, ethylene glycol, and mixed 
acid are stored outside in separate tanks. 
Provision is made for heating the gly- 
cerine and glycol in the storage tanks, 
but the mixed acid temperature fluctu- 
ates with outdoor conditions. Spent acid 
is stored in a separate building. A 
refrigeration unit of 50-ton capacity is 
installed in the basement of the nitration 
building. 

A flow diagram for the Biazzi process 
is shown in Figure 1 and, for com- 
parison, a flow sheet of the batch process 
is given in Figure 2. Figure 3 is a 
photograph of the nitration section of 
the Biazzi plant. The principal equip- 
ment is described as follows : 
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Hot Soda Ash Soin 


NG Gutter 


Neutralizer 


1. Nitrator 


The nitrator is an unlagged, stainless steel 
vessel, of 28 in. diam. by 35 in. high. 
sets of spiral cooling coils are closely packed in 


Five 


parallel inside the vessel, the two inner banks 
being of smaller diameter than the three outer 
banks. 
stainless steel straps to form a unit which is 


All the coils are welded together by 


suspended from the cover of the nitrator. 
The 
curved radial vanes welded to a dished bottom 


npeller-type stirrer is composed of 
plate, perforated to allow drainage of nitro- 
glycerine. The shaft is solid and has only a 
small clearance from the hole in the nitrator 
The top of the 


shaft is enclosed in a housing, which also con- 


cover through which it passes. 


ceals the ball race and V-belt drive from an 
electric motor. The motor is situated in a com- 


partment separated from the nitrator by a 
wall. A flywheel is attached to the motor, and 
has the effect of preventing a sudden jerk on 
starting, and of prolonging the stirring action 
for a short time after the power is shut off. 

The cover of the nitrator is provided with a 
round glass inspection window, fume pipe, 
mixed-acid feed pipe, hole for stirrer shaft, 
hole for glycerine nozzle, and inlet for sep- 
erating oil. The cover is separated from the 
top of the nitrator body by a narrow lead or 
asbestos washer, but it is not attached to the 
body. The body has a rounded bottom, with- 
out baffles, at the center of which is located an 
inlet for 


displacement acid. For emergency 


drowning of the nitrator contents there is a 
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Flow diagram of batch nitroglycerine process. 


6-in.-diam. bottom opening, closed with a stain- 
less-steel flap valve held in ploce by a lever 
and toggle joint arrangement. which may be 
released either by hand or by means of com- 
pressed air. The drowning orifice is at one side 
of the nitrator bottom in order to be effective 
even when the stirrer is running. An emulsion 
overflow pipe is welded tangentially to the 
body of the nitrator a few inches below the 
cover. 

The body is supported by means of a bracket 
at the back of the nitrator and this is free to 
move vertically on a slide, the weight being 
taken on a cable which passes over a pulley 
in the wall to the motor room where it is 
attached to a weight. This permits the nitrator 
casing to be lowered for inspection of the cool- 
ing coils, although before lowering the casing 
it is necessary to disconnect three flanges. 

The glycerine and ethylene glycol are pumped 
from their respective storage tanks by individual 
precision volume pumps operated from a com- 
mon variable-speed drive. The two flows are 
mixed and enter the nitration building as a 
single stream. The mixed acid is delivered to 
the nitrator by a Wilfley stainless-steel, cen- 
trifugal pump. 

The acid enters the nitrator through an open 
pipe but the glycerine and glycol are passed 
through a pivoted pipe to a nozzle containing 
apertures to divide the feed into seven thin 
streams. Both the acid and the glycerine-glycol 
are introduced from the top of the nitrator 
along the shaft of the stirrer. They are drawn 
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Table 1.—Comparison of Biazzi and Batch Nitrators 


(Output: 2,500 Ib. nitroglycerine, hr.) 


Nitrotor capacity—U. S. gal. 
Total cooling surface—sq.ft. 
Unit cooling surface—sq.ft. /gal. 
Time in nitrator—min. 
Heat transfer—B.t.u 


(sq.ft. F.) 


Brine inlet temperature—° F. ; 
Nitroglycerine in nitrator (at 4- 7: 1 acid ratio)—Ib. 


32 
122 


toward the bottom by the impeller, mixed, and 
thrown outward by centrifugal force toward the 
walls. Reaction is extremely rapid and the 
emulsion of nitroglycerine and spent acid rises 
in a spiral movement around the cooling coils. 
Part of it leaves the nitrator by an overflow, 
while the remainder is drawn to the center and 


down once again. 

The advantages of the Biazzi nitrator 
comparison with the  batch-type 

nitrator 


in 
are: 

1. More efficient agitation and greater 
speed of circulation, thus avoiding any 
local and oxidation of 
glycerine. 

2. Improved heat transfer between the 
and the be- 


overheating 


reactants cooling medium, 


cause of the greater cooling surface per 
unit volume. 

3. Better approach to countercurrent 
cooling owing to the regular flow 
liquid along the cooling coils. 

4. Smaller quantity of nitroglycerine 
in process. A numerical comparison of 
some of these factors is given in 


Table 1, 


of 


2. Acid Separator 

The Biazzi separator is shaped like o centri- 
fuge 5 ft. 3 in. diam. by 3 ft. 4 in. high. The 
interior is empty the Schmid 
separator which contains a large number of 


in contrast to 
boffle plates. The emulsion overflowing from 
the nitrator enters the separator tangentially. 
The rotation imparted to the emulsion aids the 


agglomeration of the droplets of nitroglycerine. 
Separated nitroglycerine overflows through an 
outlet pipe, while the spent acid is withdrawn 
from the bottom and through an overflow of 
variable height, which can be adjusted so as to 
heve the separation level at the desired height. 
provided 


An emergency drowning system is 


similar to the one in the nitrator. Gloss sights 
ere placed for convenient observation of the 
process. 

The chief advantage of the Biazzi separator 
lies in the decreased amount of separated nitro- 
glycerine present ot one time, amounting to 
about 110 Ib. compared with 1,000 Ib. 
Schmid separator and 3,500 Ib. in a batch 
separator. 


in a 


3. Washers 


The nitroglycerine leaving the separator con- 
tains about 6% HNO, and 0.3% H.SO, which 
stable 
The washing is done in a group of 


must be removed in order to obtain oa 
product. 
stainless-steel vessels (19 


three small, covered, 


in. diam. * 33 in. high) equipped with agitators 
The 


acid-wet nitroglycerine is run into the first washer 


similar to the one used in the nitrator. 
with an equal volume of 13% sodium carbonate 
solution. The heat of reaction is removed by a 
cooling water jacket so that the emulsion tem- 
exceed 95° F 
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Fig. 2. Flow diagram of Biazzi nitroglycerine process. 
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Fig. 3. Nitration section of Biazzi plant at Calgary, Alta. 


evolved are removed through a fume pipe which 
enters the washer from the back. The cover 
carries the soda inlet and an inspection opening 
with a removable polyethylene lid. 

The second and third washers are similar to 
the first except that they have no cooling jacket 
or soda inlet. Their purpose is to ensure thor- 
ough neutralization of the acid in the nitro- 
glycerine. 

After overflowing from the third washer, the 
emulsion of nitroglycerine and soda water flows 
by gravity through a pipe line to another build- 
ing, about 300 ft. away, which houses two sepa- 
rators, a catch tank for wash waters, and the 
nitroglycerine storage tanks. An _ interruption 
in the the 
emulsion in order to provide a break which 
prevents any communication between buildings 


funnel is installed line carrying 


as a result of a thin film of nitroglycerine being 


in the line. Water is introduced at the fun- 


nel in sufficient quantity to prevent deposition 
of salts in the soda water separator. 

The wash water separators consist of two ves- 
sels, each of 200-gal. capacity and similar in 
principle to the separator in the nitration house. 
Nitroglycerine separated in the first vessel is 
jetted into the second by means of a manually 
controlled water eductor. From the second 
separator the nitroglycerine flows to storage 
tanks. Wash liquor is accumulated in a 2,500- 
gal. catch tank, from which it overflows to sewer. 


4. Spent Acid 


The spent acid leaving the acid separator 


usually contains less than 12 |b. of nitroglycerine / 


ton of acid in s dditi 


pensi In there is 


a certain amount of nitroglycerine dissolved in 


the acid, the actual amount in solution being 


Table 2.—Raw Materials and Labor Required by Biazzi and Batch Processes 


(per 100 Ib. dry nitroglycerine) 


Glycerine (50% ethylene glycol) 
Sulfuric acid * 
Nitric acid * 


Sodium carbonate 


Maintenance labor 
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Biazzi Batch 
Ib. 42.8 42.8 
Ib. 101 99 
Ib. 104 99 
Ib. 8.0 17 
man-hours 0.09 0.18 
man-hours 0.04 0.08 


* Gross input as 100% acid. No allowance for recovery from spent acid. 
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quite sensitive to changes in the composition of 
the spent acid. 

In order to avoid an after-separation of nitro- 
glycerine from the spent acid on standing, a 
2 to 4%) is added to 
the acid in a diluting vessel through which the 


small amount of water 


spent acid flows upon leaving the separator. The 
spent acid may then be denitroted to recover 
weak nitric acid (60%) and sulfuric acid (70%). 
A quantity of spent acid is held in an overhead 
tank and used for displacement when the plant 
is shut down. 

To shut down the plant, the feeds of glycerine 
and mixed acid are shut off and the nitrator 
stirrer stopped. is then admitted 
through the bottom of the nitrator, displacing 


Spent acid 


the nitroglycerine upward until it has all over- 
flowed into the separator. The overflow on the 
separator is adjusted so that spent acid rises and 
pushes the last of the nitroglycerine out of the 
separator into the first wash tank. Upon stop- 
ping the agitator in the first wash tank, the 
pumping action of the agitator in the second 
wash tank is sufficient to pull the contents of 
the first wash tank through a bottom connection 
into the second. The same procedure moves the 
remaining nitreglycerine emulsion to the third 
washer, from which it flows by gravity to the 
water separator, leaving all three washers 
empty. When shutting down for the night the 
acid separator and the nitrator are left par- 
tially filled with spent acid ready for the next 
start-up. In the case of a more prolonged shut- 
down the separator is emptied through the di- 
lutor. It requires about 15 min. to clear the 
plant of nitroglycerine after the glycerine feed 
has been shut off. 


5. Safety System 


One of the major concerns in any 
continuous nitroglycerine process is the 
system of controls or safety devices. The 
safety system on the Biazzi unit is de- 
signed with the following aims in view: 
1. To prevent any operating errors which 
might cause a hazardous situation. 

2. To attract the operator's attention to any 
irregular functioning of the unit. 

3. To allow the operator to act to prevent 


dad or di ter 


arising from any irregular 


functioning of the unit. 


4. To set in action automatic devices should 
the intervention of the operator fail to counter- 
act the irregular functioning. 


To accomplish these aims certain 
safety features are built into the elec- 
trical system and, in addition, a number 
of other controls are designed to respond 
to hazardous conditions. The latter are 
on a separate, battery-powered electric 
circuit and will operate only when the 
“securities” switch is turned on. In 
starting up the unit, switching on the 
mixed acid pump causes a red light to 
show if the securities switch is 
turned on. 


not 
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Whether or not the securities switch 


is on, the following controls operate: 


1. The mixed acid pump will not operate unless 
the nitrator agitator is up to speed. 

2. A system of green and red lamps indicates 
if the brine pump and soda water pump are 
on or off, and whether the temperature of 
the first soda washer is low or high. 

3. The glycerine feed pump will not run unless 
the mixed acid flow is up to the required 
flowmeter setting. Low mixed acid flow is 
indicated by a red light and a horn 

4. A green lomp shows when the refrigeration 
compressor is running, and another shows 
when the spent acid pump is on 

5. Contents of the nitrator and separator can 
be drowned in water by means of a hand 


operated air valve. 


When the 
following additional controls operate: 


ecurities switch is on, the 


6. The glycerine and mixed acid flows are 
stopped if the temperature of either the 
nitrator or separator rises to the first set 
point. 

7. If the temperature of the nitrator or sepa- 
tor rises to the second set point, both charges 
are automatically drowned. 

8. Low flow of soda water or slow speed of the 
first soda washer agitator is indicated by a 
light and a horn. 


Plant Operation 


The Biazzi plant requires only two 
operators. During the start-up and shut- 
down, the operators are occupied ad 
justing the various flows, but otherwise 
the unit requires only minor adjustments 
at infrequent intervals. 

Because the unit is fabricated of stain- 
less throughout, 
negligible and maintenance 
lower than for the batch process. 

A summary of the 
raw materials and given in 
Table 2, which also includes comparative 


steel corrosion 


costs are 


requirements ot 
labor is 


figures tor the batch process. 

The consumption of materials 
by the Biazzi process is not appreciably 
different from the batch process except 
in the case of soda ash. The lower con- 
sumption of this material in the batch 
process is due to the use of water for a 


raw 


prewashing operation which follows the 
separation of the nitroglycerine from 
the spent acid and precedes the soda- 
washing step. In the 
entire acidity of the seperated nitro- 


siazzi process the 


glycerine is neutralized by soda ash, and 
an excess is employed as a precautionary 
measure and to prevent fuming in the 
first washer. 

The utilities required for the Biazzi 
are considerably less than for 
About 1 kw.- 


process 
the average batch process. 
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Percent Water in Spent Acid 


Fig. 4. Solubility of nitroglycerine in spent ocid 


hr. of electricity is required /100 lb. of 
nitroglycerine for agitator drives. Water 
about half those tor 
and no steam is 


requirements are 
the batch 
needed except tor heating of the build 


process, 


ings. 

Refrigeration requirements for the 
Biazzi process are about 25% 
owing to the improved heat transter to 


lowet 
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the cooling coils in the nitrater, This 
permits the use of refrigerant at a lngh 
lable ] ) and conse 


reirig 


er temperature (sce 
quently decreases losses im the 
eration system. 

The use of a high-tem- 
perature nitrator 
coils has another advantage when pure 


The freez 


relatively 
cooling brine im the 


vlvecerine is being nitrated. 
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ing point of nitroglycerine is 56° F., 
and, though the nitration is carried out at 
58° to 62° F., there is always the danger 
that nitroglycerine may freeze in contact 
with the cooling coils. This danger is 
much less in the Biazzi process where 
the brine is at 28° F., than it is in the 
batch ‘process where the brine enters at 

13° F. Frozen nitroglycerine is much 
more sensitive to initiation by friction 
than is the liquid material. The danger 
of freezing is greatly lessened when a 
mixture of glycerine and glycol is 
nitrated. Nitroglycol freezes at—6° F., 
and a mixture of equal parts of nitro 
glycerine and nitroglycol 
about fo” F, 


freezes at 


In practice the Calgary plant is nitrat- 
ing at a temperature of about 54° F. 
The temperature of the glycerine and 
glycol feed is maintained if possible in 
the range 70° to 80° F., but the mixed 
acid temperature varies with the ambient 
temperature outdoors, 

The acid used for nitration is made 
by mixing 409% oleum with strong nitric 
acid, and has a negative water content, 


contains free SO,. typical 
analysis is shown in Table A. 
Table A. 
Wt. % Wt. % 
H.SO, -49.0 HNOSO, 
HNO 52.0 H.O -—1.6 


There is a correlation between the 
yield of nitroglycerine and the total 
acidity of the mixed acid. In general 
the yield increases with an increase in 
the total acidity, but the gain per unit 
increase in acidity falls off rapidly above 
100% total acidity. Economically it is 
necessary to balance the savings from a 
higher yield against the increased cost 
of producing the stronger nitric acid 
needed to rake the mixed acid of higher 
total acidity. 

The yield of nitroglycerine is also 
dependent upon the nitric ‘ratio, i.e., the 
pounds of nitric acid/100 Ib. of gly 
cerine. For a given total acidity of the 
mixed acid, the yield increases with the 
nitric ratio, passing through a rather 
flat maximum. The most economical 
nitric ratio depends in part upon the net 
cost of using the excess nitric acid, 
which does not combine to form nitro- 
glycerine. The nitroglycerine operation 
is charged, in effect, for the cost of 
concentrating the nitric acid in the spent 
acid. It is necessary to balance the 
yield savings against the net price of 
excess nitric acid. The nitric ratio used 
at the Calgary plant is about 248 Ib. 
HNO, /100 Ib. glycerine. 

One other variable of importance in 
the nitration reaction is the D.V.S. 
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(dehydrating value of sulfuric acid) of 
the mixed acid. The D.V.S. is an 
empirical concept defined as the ratio of 
the actual content of sulfuric acid in 
the mixed acid to the water content of 
the spent acid. Both the yield of nitro- 
glycerine and the rate of reaction are 
dependent upon the D.V.S. The D.V.S. 
used at Calgary is about 4.45. 

Routine control of the operation is 
based upon the composition of the spent 
acid. The curves in Figure 4 show how 
sensitive is the solubility of nitro- 
glycerine to changes in the composition 
of the spent acid. To obtain the best 
yield, therefore, it is necessary to con- 
trol the composition of the spent acid 
within narrow limits. The water content 
of the spent acid should be about 14 to 
15%, slightly higher values being allow- 
able when nitrating mixtures with a 
high content of ethylene glycol. The 
nitric acid content of the spent acid is 
normally kept around 10%. Higher 
values would reduce the nitroglycerine 
loss in the spent acid, but would involve 
the use of a higher nitric ratio which, as 
already mentioned, is not economical be- 
cause of the cost of concentrating the 
excess nitric acid. 


General Remarks 


The most important advantages ot 
the Biazzi process over other systems 01 
nitroglycerine manufacture are the fol- 
lowing : 

1. Not only is the quantity of nitro 
glycerine in process much smaller than 
for the batch system, but most of this 
quantity is emulsified with either acid or 
wash liquor. It has been demonstrated 
that these emulsions are insensitive to a 
No. 6 blasting cap. 


2. Owing to the compact nature of 


the Biazzi equipment, the building re 
quirements are considerably less than 
tor the batch system. All the nitration 
equipment is housed in a room 30 ft. x 
14 ft.. x 12'4 ft. high, and the total 
floor area of the nitrator building is 
740 sq.ft. As a consequence the cost of 
buildings, mounds, or barricades is less 
than for the batch system. 

3. All equipment is on one floor 
and no heavy apparatus is placed upon 
or below the roof. Thus in case of an 
explosion there will be no heavy missiles. 

4. The automatic safety devices great- 
ly decrease the dependence on human 
vigilance for the safety of the operation. 
The safety record of Biazzi plants is 
outstanding. No fatal accident has ever 
occurred. 
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Discussion 


O. J. Wolff (Allied Chemical & Dye 
Corp., New York): Have you any in- 
formation about the flexibility and capacity 
of these units? Through what range vs 
graded capacity can you operate them? 


J. M. Humphrys: You mean at what per 
centage of capacity did our plant actually 
operat 


O. J. Wolf: No. With respect to the 
rating and the unit I think you had a 
2,500 Ib./hr. Does it maintain its rated 
capacity and at what per cent of that 
capacity can it safely be operated 

J. M. Humphrys: The plant operates prac 
tically at its designed capacity or slightly 
below. That is simply because conditions 
at the plant have not yet required an all 
out operation. We believe. however, that 
we can operate this plant at least 5% 


above its rated capacity. 


O. J. Wolff: In the event of slowdowns 1s 
it possible to cut it to half-rate with in 


strumental control provided 


J. M. Humphrys: Yes, but we believe it 
is more satisfactory actually to operate 
the plant at or near its designed rate, and 
then shut it down if the output is not 


needed. 


Presented at Ch.E. Toronto meeti 


CORRECTION 


The paper “Measurement and Corre- 
lation of Thermal 
Gases at High Pressures” by J. M. Len- 
oir, W. A. Junk, and E. W. Comings 
(see “C.E.P.,” October issue, page 539) 
is based on the Ph.D. theses in chemical 
engineering by W. A. Junk and J. M. 
Lenoir carried out at the University of 
Illinois. The equipment and support for 
the research were supplied from Uni- 


Conductivities of 


versity of Illinois funds. The paper was 
erroneously attributed to Purdue Uni- 
versity, Lafayette, Ind. E. W. Comings, 
one of the authors, is associated with 
Purdue University, and as stated in 
“C.E.P.,” J. M. Lenoir and W. A. Junk 
are with the University of Denver and 
Standard Oil Company, respectively. 
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E. R. Gilliland and R. J. Kallal 


Massochusetts Institute of Technology, Cambridge, Moss 


A continuous high pressure system was constructed for studying solvent 


polymerization of ethylene. The ethylene was continuously recycled 
at 400 g. hr. through a 360-cc. reactor. The solvents, methyl, ethyl, 
isopropyl, and tertiary butyl alcohol, containing di-tertiary butyl 
peroxide as the initiator, were fed at rates up to 1000 g./hr. The 
study covered the range 1,000 to 8,000 Ib. ‘sq.in. and 120 to 190° C. 
The analysis of the products, ranging from oils to waxes, indicated 
that the primary and secondary alcohols telomerize to form long- 
chain alcohols whereas the tertiary alcohol was inert. The poly- 
merization rates increased with temperature, pressure, ethlene purity, 


and peroxide concentration. 


atent literature (4) defines telome: 
Pe: as the process of reacting under 
polymerization conditions, one molecule 
of a telogen (any saturated organic com- 
pound containing only carbon, hydrogen 
and oxygen) with more than one mole- 
cule ot a polymerizable compound such 
The patents state further 
that all saturated alcohols are telogens 


as ethylene 


but give no definite analytical proof 


that the alcohols actually enter into the 
polymerization reaction. In fact there 
has been contrary evidence. Hopt and 
Goebel (2) describe the synthesis of 
Lupolen N wax in Germany as a high 
pressure polymerization of ethylene in 


methanol, initiated by 


Although they noted 
contained more 
could be attributed to oxy 
gen released from. the 

concluded that it was the 


the presence ol 
benzovl peron le 
that the wax 


vel t] al 


combined 


peroxide, they 


resulting ben 


zoic acid and not the methanol that was 
entering into the reaction 

It was noted, in the course of study 
ing ethylene polymerization in a high 
pressu cker tube, that higher vields 
of wax products were obtained when 
certain alcohols were used as solvents. A 
continuous high pressure polymerization 


system was therefore set up to study the 


rates of ethylene polymerization in 
various solvents. Analysis of the low 
molecular-weight waxes obtained from 
the early operation of the unit indicated 


R. J. Kallal is now associated with Du Pont 


Co., Orange, Tex 
Note: Microfilms of this thesis may be pur- 
chased from the M.1.T 


thesis is 


library. A copy of the 


also available for loan from the 


Chemical Engineering Library at M.I.T. 
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that they contained significant quantits 
The rest of the 
was devoted to determin 


of hydroxyl groups. 
investigation 
ing the nature of the reactions. There 
fore, most of the operation of the con 


tinuous polymer unit was restricted to 


the low pressure of 1,000 Ib./sq.in. im 
order to obtain polymer low enough 1 
molecular we ight to permit ready 
analysis. 


Description of Equipment 
The continuous polymerization unit was de- 
signed for operation up to 25,000 Ib 


but, except for pressure-testing it at this range, 


sq. in., 


its maximum operation in 
8,000 Ib 


gram of the system 


this study was at 


sq.in. Figure 1 shows the flow dia 
Ethylene of 99.5% purity 
was passed at 15 Ib./sq. in. over hot reduced 
copper to remove the oxygen and then metered 
into the suction side of a two-stage air com 
This 
compressor had o capacity of about 400 g. hr. 
at 1,000 Ib./sq. in. 


atmospheric 


pressor converted for use with ethylene 


discharge pressure and 


suction. A_ single-stage water- 
cooled plunger-type pump was then used to 
boost the pressure to the desired level. For 
pressures of 1,000 Ib./sq. in. and below this 
After 


a small silica gel and activated charcoal trap, 


pump was by-passed. passing through 


the ethylene from the compressor or pump 
entered the bottom of the reactor through a 
small orifice, thereby providing a jet type of 
The 


containing the requisite quantity of ditertiary- 


agitation and mixing. clechol solvent 


butyl-peroxide initiator was metered to the 


reactor by a single-stage high pressure vari- 
able-stroke pump. Again a jet entry was used 
to provide additional agitation. The product 
mixture left the reactor through an overflow 
tube and was let down to atmospheric pres 
two valves in 


sure by means of regulator 
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series 


The product and the solvent alcohol were 


removed from the gas by two Erlenmeyer flask 
separators operated alternately. The gas was 
passed through a cold trap to remove solvent 
in order to prevent interstage condensation 
and was then recycled back to the suction of 
the two-stage compressor. 

the 360-cc. 
The 
machined from type 4145 steel and was 1.73 
in. 1.D. by 4 in. O.D. with 15-in. over-all length. 


it wos heat-treated to a hardness of about 33 


A cross section of reactor is 


shown in Figure 2. reactor body was 


Rockwell C with an expected yield point of 


120,000 Ib./sq. in. minimum. With these char 
acteristics the vessel reached yield point oat 
about 60,000 Ib. sq. in. The reactor body 


The 


closed by means of 


was plated with 2-3 mils of pure nickel 
body of the reactor was 
two floating heads which, together with back- 
ing nuts formed a_ self- 
that described by 


The heads were made from 


and gasket rings, 


closure similar to 
Clark et al. (1) 
type 416 stainless steel and were heat-treated 
The 


nuts, made of type 4140 steel, carried a four- 


sealing 


to obtain maximum hardness. backing 
pitch buttress thread and were hardened to 
Cc 50. 
machined from a cold-rolled Monel 
heat 
the heads carried a nickel 


a Rockwell The gasket rings were 
bar and 
One of 


disk ond 


were used without treatment 
rupture 
the other was drilled and tapped for a ther- 
Two 
of these were fitted with 0.010-in..diam. orifices 
ond the third with an tube 


Process stream connections were made by means 


mocouple well and three process streams 
overflow exit 
of a collar and standard cone-type fittings for 


1/4 in. by 1 16 in 


was heated by a nearly full length steam jacket 


tubing. The entire reactor 


sealed with O-rings. This O-ring closure was 
not entirely sotisfactory becouse 175-lb./sq. in 
steam tended to harden the rings after a short 
time so that, when cold, they would not reseal 
for the first few minutes after steam wos turned 
100 hr 
was possible before the rings no longer sealed 
thus, the dis 
outweighed by the sim 


on. However, of intermittent operation 


after a short warm-up period, 
advantage was far 
plicity of the O-ring closure. 

Primary compression up to 1,000 Ib. sq. in 
was done by a two-stage war surplus aircraft 
(General Electric 


air compressor To modify 


the compressor for use with 
27-v 


removed and replaced by ao housing containing 


ethylene, the 


original motor ond geor reducer were 
a stub shaft, bearings, and a mechanical seal 
The compressor was then driven at 600 rev 
1/3 of its 


The air-intake filter was removed 


min., about design speed, by a 


'4 hp. motor 
intake manifold fitted 


ond an into its place 
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The crankcase was vented to the first-stage 
suction to collect leakage past the pistons. 
BOOSTER REACTOR Feed rate to the reactor was established by a 

PUMP _ P capacity calibration of the compressor ot 800 
and 1,000 Ib./sq. in. as a function of suction 
pressure and temperature. 


OLOXIDIZER 


2 STAGE \ Figure 3 shows the booster pump for com- 
COMPRESSOR pressing ethylene above 1,000 Ib. sq. in. 
A single stage was adequate for this purpose, 

cago inasmuch as the ethylene at 1,000 Ib./sq.in. 

. and room temperature is near its critical con- 
ETHYLENE | dition and relatively incompressible. The pump 
CYLINOER ; aeomes hod a 5/16 in. diam. piston with a 2% in. 
LIQU/O | stroke. Valves were conventional spring-loaded 
METERING _ balls, two in series each in the intake and ex- 
PUMP haust sides of the pump. The valve seats were 
made in lens rings to facilitate grinding, lap- 
ping, and assembly. A careful arrangement of 


ALCOMOL - 


CATALYST SEPARATOR 
The first lantern ring collected any gas leok- 


age past the first section of packing and re- 
Fig. 1. Flow diagram of continuous polymerization unit. turned it to the inlet side of the pump. The 


two lantern rings and three sections of chevron- 
type leather packing rings sealed the piston. 


second lantern ring received oil at suction 
pressure plus about a 4-ft. head. This was 
followed by a final series of packing rings to 
seal the oil. This pump was driven by a 
1% hp. 1,750 rev./min. motor through a 2412/1 


gear reducer. 


The high pressure liquid metering pump was 
similar to the booster pump except that it had 
a 3/16 in. diam. piston and was driven with 
a % hp. motor. The stroke length could be 
varied by changing either the stroke of the 


crank or the pivot point of the lever arm. 
Other miscellaneous equipment constructed 


for this system was a high pressure reducing 


regulator valve for serving as a letdown valve 
and high pressure block valves. These block 

Fig. 2. Reactor assembly valves accepted standard cone-type fittings for 
%4 in. high pressure tubing. 


Results 


The first series of ms Wa made 
with isopropyl, ethyl, methyl or ter- 
tiary butyl alcohol with the object of 


making low molecular-weight polymers. 
Typical operating conditions at 

in Table 1. These results are the aver- 
ages of 2-to-4 hour operation after a 


e shown 


one-half to one-hour leveling period. 
The products after removal of the 

residual alcohol were mixtures of oils 

and greases with low melting point 


Ethylene and Isopropyl Alcohol 


Infrared analysis of this product in- 
dicated that it contained considerable 
quantities of tertiary hydroxyl groups 
but little unsaturation. After simple 
distillation, the recombined product 
showed less hydroxyl and more unsat- 
uration. This condition appeared almost 
entirely in the high (>250°C.) boiling 
fraction, suggesting that dehydration 
had oceurred during distillation. By 
means of fractional distillation through 
a packed column of some forty theoreti- 

Fig. 3. Pump, 2,000 atm. cal plates, it was possible to separate 
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C.Hs feed rate (recycle and moke-up) 
Alcohol feed rate 
Di-t-butyl-peroxide 
Pressure 


Temperature ...... 


lsopropanol 19 
33 
t-butanol . 71 


the lower boiling portion of the mixture 
into constant boiling fractions ot rela- 
tively pure products which were then 
identified. 

Figure 4 shows that these sharp frac- 
tions occurred every 40°C. starting at 
100°C. These fractions have been iden- 
tified as a series of dimethyl carbinols, 
which ditfer from the next in the series 
by one molecule of ethylene. Identitica- 
tion was made through the physical pro- 
perties of boiling point, density, index 
ot refraction and molecular weight, as 
well as chemical tests for tertiary hy- 
droxyl. Shown in Figure 4 are the ac 
cepted values for boiling point of this 


series of alcohols. The value for 2 


methyl 2-decanol was obtained by extrap- 
olation from the boiling point at re 
duced pressure. No physical properties 
were found for 2-methyl 2-dodecanol. 


Tablel.—Typical Synthesis Conditions 


40 g./l. in the alcoho! 
975 |b./sq.in. 


ct 185-190" C. 


MAKE-UP ETHYLENE RATE 


110 g./hr. 
85 


70 


It is concluded from these results that 
isopropyl alcohol was entering into the 


reaction according to the following 
equation 
| 

OH 


CH,—C—CH, 

(CoH,),H 
which is that described as telomerization 
The fractions below the boiling point 


ol isopropanol contuime | con iderable 
I 


quantities of acetone, identified through 


the 2,4-dinitro phenylhydrazone deriva- 


tive, and traces of an unsaturated hydro- 
It was 
also noted that the methane and ethane 
content of the recycling ethylene stream 
built up more 1 ipidly than could be ac- 


carbon and an unkown aldehyde 


the content of these 
compounds the make-up ethylene. 
These undoubtedly resulted 
from the breakdown of the di-t-butyl- 


peroxide initiator and will be discussed 


counted for by 
in 
materials 


later. 


Ethylene and Ethanol 


From the 


evident that 


preceding equation it is 


the between 1s0- 
ethylene the 
the hydroxyl-containing 
carbon, On this basis it was possible to 
predict that primary alcohols would re- 
sult in longer-chain secondary alcohols 
which in turn could react to give still 
tertiary Thus 
ethanol would give rise to a series of 
both and tertiary methyl 
carbinols. The fractionation curve for 
the ethanol-ethylene product 


reaction 
and involves 


on 


propanol 
hydrogen 


longer-chain alcohols. 


secondary 


indicates 


that this is true (Fig. 5). The one-to- 
one addition product, 2-butanol, was 
found in considerable quantities. Higher 
homologs were 2-hexanol, 2-octanol, and 
2-decanol. The first possibility in the 
tertiary series would be 3-methyl 3 

ntanol arising from the reaction of 
2-Imtanol and ethylen No constant 


boiling fraction appeared at the appro- 


priate boiling point but fractions in this 


region did contain tertiary hydroxyl 
groups and had the appropriate mole- 
cular weight. The next homolog, 3- 


a 
~ 
= 
Ss 
© - PRODUCT 
5 @ - /SOPROPAN TOPS ECOVER?Y 
g 
OVERLAPPING FRACTI/ONS 
100 + , 2- BUTANOL + 
| | Ow 
+-—-/SOPROPANOL 


"2-METHYL, 
2-DODECANOL 


/ 22 


PERCENT 


Fig. 4. Fractionation of ethylene-isopropanol telomerization product 
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methyl 3-heptanol, which could arise CH; CH, CH, 
from either 2-hexanol and one ethylene, 
or 2-butanol and two ethylene molecules, CH,C—-O—O—C—CH, _ 2 CH, C—_O— 
was present. Likewise present was 3- | | 
methyl 3-nonanol, which could again CH, CH, CH, 
have arisen from two sources. 

With hydrogen donors, these lead to t-butanol: 


Ethylene and Methanol 


Methanol is the only alcohol that 
could first give rise to primary alcohols 
with an odd number of carbon atoms 


CH, CH, 


RH + CH,C—O— R—+CH,C—OH 


These of course could still telomerize to 
give a variety of secondary and tertiary Otherwise the ¢-butoxy radical breaks down into acetone 
long - branched-chain alcohols. One 

would expect the fractionation of this CH, 0 

material to be exceptionally difficult and _ 7 

this proved to be quite true. It was  ‘ ——~ CH;—C—CH; + 
possible to obtain constant boiling frac- : 

tions only for the 3, 5, 7 and 9-carbon CH 

primary alcohols and even these fractions 
were of mediocre purity. However, 
positive identification of normal pen- 
tanol was made through the a-naphthyl 
phenyl urethan derivative and the others OH OH 
were identified by their physical pro- 

perties plus a test for primary hydroxy] CHs—C—H + CH,— 

group 


Both steps (2) and (3) occurred as indicated by the recovery of acetone 
t-butanol. 
The free radicals probably start the telomerization by reacting with the alcohol: 


Ethylene and Tertiary Butyl Alcohol and the resulting hydroxy radical reacts with the ethylene : 


No telomerization between ethylene 
and the synthesized tertiary alcohols was 
observed. This was contrary to patent CH,—C— + nC.H, —— CH;—C—(C.H,),— 
literature which stated that all saturated , 7 | 
alcohols were telogens. To substantiate CH, CH, 
further this observation ethylene was 


OH Oll 


polymerized .i the presence of tertiary * Chain transfer with the alcohol terminates a chain, but leaves a hydroxy radical 
butyl aleohol. The unfractionated pro- free to start a new chain: 
duct was an oil that differed markedly OH OH OH OH 
irom the other products. It did not 

at ice temperatures ; t its 4 ‘ . 
that of the isopropanol product. The 
oil had a high boiling point compared 
to previous products, with only some 
10° boiling below 250°C. Fraction- 
ation through the 40-plate column gave 
no significant compound separation. 


CH, CH, CH, CH, 


This product did not release hydrogen 
from sodium as is characteristic of even 
high molecular weight alcohols. By 
combustion analysis it contained no 
oxygen within experimental error. It 
was concluded therefore that telomeriza 
tion with alcohols requires a hydrogen 


3- METHYL 
3- NONANOL 


—=—2-OCTANOL | 


—-3-METHYL, 
| 3 -HEPTANOL 
+ 


on the hydroxyl-containing carbon. } . 

© - PRODUCT PLUS MEXANOL 
ETHANOL “BOTTOMS” RECOVERY | 

@ - ETHANOL "TOPS" RECOVERY P | 3-PENTANOL 
From the results described here it is 

concluded that the telomerization  in- 

volves free radical transfer with the Pe ETHANOL 

alcohol. The transferred free radical is 


Mechanism 


BO'LING POINT, °C 


2-BUTANOL 


sufficiently active to continue polymeriza- 
tion as evidenced by mole yields of at 
least nine times the moles of di-t-butyl 
peroxide catalyst. — i 
Di-t-butyl peroxide is known to break iad 
down thermally to give two butoxy PERCENT OF TOTAL PRODUCT, 8.P 5 8B °C 


radicals : Fig. 5. Fractionation of ethylene-ethanol telomerization product. Run C-21. 
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Undoubtedly the t-butoxy and free 
methyl radicals are capable of attaching 
themselves directly to the ethylene, 
thereby giving a molecule without a 
hydroxyl group, but the low 
tration of 


concen- 
ethylene compared to the 
alcohol and the high free radical transfer 
rate do not favor such a reaction. 

The methane noted in the recycle gas 
is explained by Equation (4). The 
ethane resulted by the recombination of 
iwo free methyl radicals. 


Effect of Reaction Variables on Reaction Rate 


The second portion of this investiga- 
tion was directed toward determining 
the quantitative effects of some of the 
synthesis conditions on the rate of re 
the pertinent 
operating data for the effects ot catalyst 
concentration, and 


action. Table 2 presents 


temperature, pres- 
sure. 
There 


consider. 


were two rates to 
rate at which 
ethylene was polymerized and this was 
measured by the rate that ethylene had 


to be fed to the system to hold pressure 


reaction 


One was the 


known losses 


The 


that at which the product was 


constant, corrected for 


during sample changing second 
rate was 
molecule ot 


polymer contained one isopropanol mole 


recovered. Because each 
cule, the product rate was always highet 
than the ethylene rate. The 
these two rates a measure of the 
number average molecular weight of the 
product. For the basic operating con- 
ditions just listed, the ethylene 
averaged 98 g./hr. and the 
rate 119 ¢./hr. 


ratio of 
was 


rate 
product 


Catalyst Concentration 


In many peroxide-initiated polymer- 
izations the rate is proportional to the 
square root of the catalyst concentration. 
This appears to apply to telomerization. 
In Figure 6 the slope of the line is 0.58, 
but in this series of runs it was difficult 
to keep the temperature constant on ac- 
count of the exothermic reaction, so that 
temperature increased some 5° C. over 
the catalyst range of 2.5 to 40 g./L. 
The parallel lines of product and 
ethylene rate indicate that product to 
ethylene ratio, hence molecular weight, 
was essentially constant throughout the 


catalyst concentration range (ratio 


16 


molecular weight of 440). This 


implies that molecular weight was con- 


trolled by chain transter 


with the itso 


propanol rather than by catalyst concen 
tration. 


Temperature 


to 190 
pressure 


The study of temperature was limited 


the 
peroxide controlled the rate of reaction 
and masked the effect of temperature it 


self on polymerization rate 


decomposition 


C, and below by available steam 
In the lower part of the range 


rate of di-t-butvl 


At 127° C 


the half-life of di-t-butyl peroxide 


about 9 hr.; at 


190° ¢ ibout 45 


RATE — G/ AHR. 


4 


© - PRODUCT 
@ - Cota CONVERTED 


| 
| 
> 


6 


10 20 
01-t-BUTYL PEROXIDE CONCENTRATION , 


Fig. 6. Effect of catalyst concentration on reaction rate of ethylene and isopropanol 


Table 2.—Effect of Synthesis Variables on Reaction Rate | 


RUN 
NO. 


PRESS TEMP. 
Ib. /sq.in.abs. 9 
BASIC RUNS 

C-23 

C-28 


975 190 
975 190 


EFFECT OF CATALYST CONCENTRATION 
C-27 975 185 
C-26 975 186 
C-24 975 188 
C-25 975 190 


EFFECT OF TEMPERATURE 
C-36 975 127 
C-35 975 148 
C-37 975 161 
C-38 975 176 
C-44 975 176 


EFFECT OF PRESSURE AND PURITY 
C-30 975 189 
C-29 975 190 
C-45 1915 195 
C-46 3850 195 
C-47 7800 195 


DTBP 


MAKE-UP * 
ETHYLENE 
g./hr. 


ISOPROPYL * ALCOHOL 


cc. hr. g. ‘hr. 


614 
612 


100.5 
103.8 


37.7* 

53.0 

71.2 
138 


17.9 
52.8 
89.0 
97.1 
103.0 


714 
84.2 
203.1 
287.1 
248.9 


610 
616 
616 


“All runs made with ao 215-cc. liquid holdup in a 360-cc. reactor. 


“ Includes the di-f-butyl peroxide initiator. 


Not corrected for calculated 4-g./hr. loss during sampling. 
“A 4-g./hr. leak discovered after Run C-27—probably present during C-26 also 
C.H, reduced by addition of prepurified nitrogen. 
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411 
409 


418 
418 
41) 
407 


403 


404 


CoH, CIR- 
CULATION 
g./ hr. 


AVG. CoH, ISOPROPANOL PRODUCT 
PURITY RECOVERY RECOVERY 
% g./ hr. g hr 


448 
440 


120.4 


446 
21.6 
77.0 
172.0 


18.8 
60.5 
109.3 
110.8 
120.4 


923 
103.2 
231.0 
3317 
331.7 
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100 ==. 
60 
60 
| il 
20 
20 477 94.2 | 
2.5 610 474 464 
5.0 617 479 451 
10 607 473 445 
40 606 472 94.1 419 
20 612 476 = 98.8 466 
20 612 476 398 98.4 443 
20 615 478 = 98.1 448 
20 613 476 404 96.6 452 
20 618 480 38) 96.6 431 
20 600 465 413 71.5 444 
20 600 465 413 81.3° 443 
20 474 428 ia 445 
20 479 436 97.9 416 
20 479 445 98.6 376 
+ 


compared to the reactor holdup time of 
about 20 min. At the low temperatures 
little of the initiator decomposed in pass- 
ing through the reactor and therefore 
the rate of polymerization should vary 
as the square root of the decomposition 
rate with temperature. At the 
high temperatures the initiator is com- 
pletely decomposed and the polymeriza- 
tion rate should level off to show the 
true effect of temperature on reaction 
rate. Figt that the ex- 


varies 


shows 


perimental data indeed go through this 
transition. The slope of the line is close 
to one-half that of the decomposition 
rate of di-t-butyl peroxide. The last 
two points at the high temperature, since 
they show no change in rate, sug- 
gest that temperature does not affect 
polymerization rate. This would be 
rather unusual and it is more likely 
that increasing temperature lowers the 
solubility concentration of 


and hence 


ethylene in the alcohol and therefore 


+ 


| 


- Cp CONVERTED 


PROOUCT 


450 


| | 


160 170 180 


2.39 


2.33 2.27 2.2/ 2/5 


/000 /°K 


Fig. 7. Effect of temperature on reaction rate of ethylene and isopropanol. 
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Fig. 8. Effect of pressure on reaction rate of ethylene and isopropanol. 
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compensates for the usual increase in 


reaction rate. 


Pressure 


The effect of pressure on 
rate was studied over the range 975 to 
8,000 Ib./sq.in.abs. Results in 
plotted as a function of 
fugacity corrected for the average mole 


reaction 


Figure 8 
have been 
iraction of ethylene recycling through 
the Over the range 
the reaction rate is proportional to the 


reactor. most of 
logarithm of the fugacity. This applied 
even to runs in which the ethylene 
concentration had been reduced by the 
addition of prepurified nitrogen. The 
points at the highest pressure fall mark- 
edly below the others. There is no ex- 
planation for other than noting 
that during the leveling-off period the 
reaction rate much higher than 
indicated and it became necessary to 
stop catalyst and feed for a 
short time to control temperature. Upon 
resuming catalyst and solvent feed, the 
reaction rate leveled off to the 
shown, 


this 
Was 


solvent 


value 


Summary 
It has been shown that: 


1. Telomerization reaction is essenti- 

ally a polymerization of ethylene 
in the presence of an active chain 
transfer agent. 
In the case of alcohols having a 
hydrogen on the hydroxyl carbon, 
it involves the addition of one or 
more molecules of ethylene to the 
hydroxyl carbon, thereby producing 
alcohols of higher degree and high- 
er molecular weight. 

. The reaction rate was proportional 
to the square root of the catalyst 
concentration and the logarithm of 
ethylene fugacity. In the range 
studied the effect of temperature 
appeared to be compensated by the 
decreased solubility of ethylene in 
alcohol at higher temperature. 
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he need for basic engineering knowl 


edge of rate reduced 


accentuated during 


processes at 
pressures has been 
the last decade by 
ments in the design and availability of 
vacuum-producing equipment and by the 


important devel 


increased use of vacuum processes in the 
food, pharmaceutical, metallurgical, and 
other industries. 

In the present research, which is an 
extension of work by Madden and Piret 
(75), heat-transfer rates in natural con- 


vection from spheres and wires to sev- 


eral gase it reduced pressures are 
measured, and new generalized heat- 
transtet equations covering e€x- 


tremely wide range of conditions are 
ad- 
vantageous forms to study because of the 
wide applicability of correlations based 
on these simple shapes. Heat losses at 
pressures ranging trom 0.1 mm. He to 
atmospheric are 
0.00306-in.-diam. wire in air, 
0.312- and 1.000-in.-diam. 
helium, air, and argon. 


tures up to 195° C. 


presented 


Wires and spheres are 


determined for a 
and for 
spheres in 
Solid tempera- 
are employed, and 
made for radiation to 
obtain the net heat loss. For the 
wire data, radiation does not exceed 5% 
of the total heat loss, but for the 
data, values up to 359% are encountered 

It is correlate natural 
convection data by relating the Nusselt 
number to the Grashof and Prandtl num 
bers l the free 


and 


subtractions are 


vertical 
sphere 


customary to 


effect of 


ignore 
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ington 25, D. C., remitting $2.50 for microfilm or 
$1.75 for photoprints readable without optical 
aid. 
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Spheres and Cylinders 


Natural-Convection Heat Transfer 
at Reduced Pressure 


J. R. Kyte, A. J. Madden, and Edgar L. Piret 


University of Minnesota, Minneapolis, Minnesota 


At low gas pressures the thickness of the convective boundary layer is large and 
the effect of free-molecule conduction, important. These effects can be accounted 
for to give a single natyral-convection heat-transfer correlation for both spheres 
and horizontal cylinders. This involves two departures from classical practice: 
(1) The characteristic length used in the dimensionless Grashof number becomes 
the diameter of the solid plus twice the mean free path length of the gas, and 
‘2) the concept of a conductive film having the same resistance to heat transfer 
as that of the convective boundary layer is used instead of the Nusselt number 


to effect the single correlation. 


Heat-transfer data are presented to demonstrate that for spheres and horizontal 
cylinders, the correlating term is the same function of the product of the Grashof 
and Prandtl numbers. This unique relationship holds over a wide range of Gr-Pr 


values from 10~‘ to 10 


Useful equations, based on this correlation, are 


presented for calculating heat-transfer rates. 


New data at pressures ranging from 0.1 mm. Hg to atmospheric are presented 
for spheres in air, helium, and argon, and for a vertical wire in air. 


molecule conduction (4, 73 This ef 


fect, which, as will be seen, can he very 


significant accounted for mm the 
eral heat-transier equations which will 
now be deve kk ped 
Development of General Heat-Transfer 
Equations 

Figure 1 represents a heated sphere 


or horizontal cylinder of diameter 1) at 
losing heat 
rate 


a unitorm temperature ¢,,, 
it the 


which has a unitorm 


exclusive of radiation q, toa 
temperature 


from. the 


ol ft, ata 
center of the 

It the 
Langmuir (3) 1 


that 


distance of h’ 
solid 

argument 
pursued, it is assumed 
lost by ] 


Irce-mot cule con- 
from the solid through the 


heat is 
duction gas 
the 
mean-iree path of the gas at a tempera- 
ture of t,. The temperature distribu- 


for a distance equal to Ag, which 1 


tion for this process is represented by 
the solid line from ¢,, to t, in Figure 1, 
and the rate of heat loss (4) is 
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q SaA,/ | 7 (1) 


where S is the surface area of the heated 


olid, A, is the tree-molecule conductivity 
it the gas at 0 ©., P is the gas pre 
ure, and ¢, the gas temperature at 
i distance of A, from the sohd surtace 
The cco ition coetherent a 
1 mensure of the extent to which 
mpinging gas molecules attain thermal 


equilibrium with the solid 


Bevor d i distance A, irom the olid, 


heat is lost by convection, also at the 
rate g, int i boundary laver (5) ot 

dth hie temperature bevond the 
outer edger laver ts entially the 
unbient temperature Phe upward 
flow of gas within tl houndary layer 
has been shown to be laminar at value 


of the Grashof number lower than about 
3.5 « 108 for horizontal and 
vertical walls (5,9). The solid line from 
t the temperature dis- 
tribution within the boundary layer, and 


cvlinders 


q tO t, represent 
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the following correlation is proposed for 
heat loss to this layer: 


(Ni = aim (2) 


where f is a different function tor 
spheres than for horizontal cylinders, 
and the subscripts d’,m indicate that the 
dimensionless groups are evaluated 
using J” (Figure 1) as the diamete: 
t, as the temperature difference, 
(i, as the temperature at 
which the physical properties of the ga 


a 
and 


are determined. 

Use is now made of the concept of an 
equivalent stagnant-gas film of diameter 
b, through which the rate of heat loss is 
also g and through which heat flows by 
ordinary conduction, The temperature 
through this equivalent 
represented by the 
to t,, and the rate 
expre ssed by the ordinary 


distribution 
concentric-film is 
dotted line from ¢ 
ot heat loss 1 


a 
conduction equations 


for spheres (3) 


and 

t Se 
q = — for cylinde 
In - 


Ly’ 


where L is the length of the cylinder 
from which q is lost, and ky, is the con 
ductivity of the gas at a temperature of 
(t, + t,) /2. 


Since 
bY 
= 


i) 


S(t, 


Equations (3) and (4) may be used to 
relate the equivalent film diameter b to 


the Nusselt number. Thus 


lor spheres, 


dim 


(9) 


— 1 for cylinders. 


(0) 


Inspection of Equations (2), (5), and 
(6) shows that for spheres and horizon- 
tal cylinders 


b 
Pr) 


(7) 
Experimental data will subsequently be 
presented to show that w is the same 
function for both spheres and horizontal 
cylinders. 

Equations (1), (4), and (6) should 
apply to vertical as well as horizontal 
evlinders. However Elenbaas (7) shows 
that for heat loss by convection from 
vertical cylinders, Equation (2) should 
be moditied to 
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Fig. 1. Schematic diagram for a sphere or 
horizontal cylinder losing heat to a gas under 
natural-convection conditions. 


y 
(J ‘am 


where Z is the total length of the heated 
cylinder. In the present the 
length of wire L, from which the heat 
loss is measured, is only about % the 
total length Z of the heated wire. li 
a method analogous to that for spheres 
and horizontal cylinders is used, it fol- 
lows that for vertical evlinders 


LY 


I-quations (1) to (9) include the ef- 
fect of free-molecule conduction, al 
present in heat transfer from 
solids to gases. However this effect 
ignored if the heat-transfer 
resistance of the free-molecule region is 
very small in comparison with that of 
the convection layer. In such a case 
Equation (1) is not used; and in Equa- 
tions (2) through (9) D’ is simply re- 
placed by LD), t, by t,, and the gas prop- 
evaluated at a temperature 
of (ty + t,) /2. 

In the present work ft, is measured at 
a distance of approximately 6 in. from 
the center of the solid ( ye) b’ in Figure 
1). At low pressures the boundary layer 
sometimes expands beyond the tempera- 
ture-measuring clement, and so B > b’. 
The temperature gradient then extends 
heyond the element and ¢, is no longer 
the ambient temperature. 

Fortunately, at these low pressures 
the movement of gas within the 
boundary layer is apparently so slight 
that its effect on the rate of heat loss 
from the solid is negligible. Consequent- 
ly the ordinary conduction equations 
may be used to calculate the heat loss 


(8) 


research 


(9) 


ways 


may be 


erties are 
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through the essentially stagnant gas 
from a temperature of ¢, at a distance 
of A, from the solid to a temperature 
of t, at a distance of % b' from the 
center of the solid. Thus 


for spheres (10) 


—t, . 
for cylinders. 


Since 


Wa 


m 


solving Equation (10) for t, and sub- 
stituting this expression for ft, in Equa- 
tion (1), one obtains 

2 2k 
(Vu) 


wa 


D\. 


(12) 


where 


Similarly Equations (11) and (1) yield 


2 2k 


(Nu Dad 


for cylinders. 
(13) 


Heat is considered to be lost by free-molecule 
conduction for a distance of one mean free path 
length from the solid. Equations (2) through (9) 
consider that this heat is then lost by convection 
and conduction into a boundary layer and that 
t, is measured beyond this layer in the main 
gas body. 
currents are slight, the heat lost into the boun- 


At low pressures, when convection 


dary layer can be calculated by the ordinary 
conduction equations (10) and (11) when f, is 
measured inside the layer. 


Experimental 


The sphere or wire assembly is located cen- 
the 
jar shown at the right in Figure 2. After the 


trally in 18-in.-diam. screen-covered bell 
system has been evacuated by the use of an 


oil diffusion pump in series with a rotary 
mechanical pump, the desired quantity of dry 
air, helium (99.8% purity), or argon (99.6% 
purity) is admitted. The system is then isolated 
and the gas pressure remains essentially con- 
stant during each run. 

The 0.00306-in.-wire assembly (Figure 3) is 
constructed in such a manner that the central 
wire can be heated by direct current, and 
the voltage drop across the 5.85-in. wire test 


section can be measured. Heat loss through 
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} i |] 
2 | ond | a a 
al | q = 
i 
1] | 
| (11) 
| q ) 
\ 
| | 4g 
| 
a 7] 
4 
rs ( 4 ) 
73 > 
$= 
a4 k, b’ 
bh 
and 
b 
= 


the fine wire potential leads is calculated to 
be negligible, and end losses are excluded 
by locating the wire test section in the middle 
portion of the heated wire. 

The heating coil of the 0.312-in.-sphere 
assembly (Figure 4) occupies a centrally lo- 
cated hole '‘s-in. diam. and approximately 
‘4 in. deep, which is drilled into the sphere. 
The coil is saturated with silicone varnish, and 
the current leads pass through a very small 
hole in the disk-shaped plug, which 
fits tightly into the 's-in-diom. hole. The 
potential leads are silver-soldered to the cur- 
rent leads close to the sphere, and the varnish 
is baked slowly by possing current through the 
coil. The thermocouple wires are soft-soldered 
in a hele drilled into the sphere, and the cold 
junction is simply made with a drop of soft 
solder located at the same distance as the 
Thermistor (2) from the sphere. The sphere 
assembly is suspended by means of the current 
leads. Approximate calculations show that lead 
losses from the sphere may be neglected and 
that the heot loss through the thermocouple 
leads does not cause a material difference be- 
tween the sphere and thermocouple tempera- 
tures. A uniform surface temperature is insured 
by the very high ratio of the metal conductivity 
to the surface heat-transfer coefficient. The flat 
surface on top of the sphere is ignored because 
departure from sphericol form is slight. Fur- 
thermore, the shape of this region is less 
critical because of the comparatively low heat 
loss resulting from the low temperature grad- 
ient in the hotter gas at the top of the sphere. 

The heoting coil of the 1.000-in. sphere, 
Figure 5, is wound on a rounded spool which 
fits tightly into a %s-in. hole drilled through the 
sphere. The assembly is also suspended by 
current leads which pass through two small 
slots cut in the top end of the spool. 

A resistance box is used to regulate the cur- 
rent supplied from storage batteries through 
vacuum-sealed brass leads in the base plate of 
the bell jar to the sphere coil or platinum wire. 
A leeds and Northrup type K-2 potentiometer 
is employed to measure voltages from which the 
heat loss and temperatures are calculated. The 
current flow is computed from the voltage drop 
across a standard resistance in the heating cir- 
cuit, and measurement of the voltage drop across 
the platinum wire test section or sphere coil 
permits calculation of the total heat-loss rate. 
The resistance-temperature relationship for the 
wire test section is known by calibration, and a 
standard Pt-PtRh (10%) thermocouple experi- 
mentally checked at 0 and 100°C. is used to 
determine sphere temperatures. 

The gas temperature ¢,, Figure 1, is measured 
approximately 6 in. from the heated solid. For 
this measurement a small bead (0.015-in.) 
Thermistor (2), Figure 6, is used in series with 
a 6,500-ohm resistor through which a feeble 
current of about 20ua. flows. Even at very low 
pressures this small current is insufficient to cause 
a noticeable heating of the Thermistor. The 
resisinn' e-temperature relationship of the Ther- 
mistor 13 known by calibration, and its position 
can be changed from outside the bell jor to per- 


mit gas-temperature measurements at various 
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Fig. 2. Photograph of apparatus, 


showing vacuum bell jar, manometers, and electrical 
cpparatus 


GURRENT LEAD 
Qos" POTENTIAL Leads 


——WICKEL PLATES 
0,003" NL POTENTIAL LEADS 
\—— 0.001" PT. ROSS LEADS 


0.00306" HEATED PT. WIRE 
SILVER SOLDER JOINTS 


NICKEL PLATE 


0.005" WIRE SPRINGS — 
BRASS WEIGHT 


CURRENT LEAD 


GLASS WIRE HOLDER 


Fig. 3. The 0.00306-in. diam. vertical wire assembly 


INSULATED Ni. WIRE IN 
SILICONE VARNISH 


Fig. 4. The 0.312-in. sphere assembly 
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/ 
| GLASS SUPPORT 
@ 
4 
0.0015" NI. CURRENT LEADS 7 
0.00!" PT POTENTIAL LEADS 
BRASS PLUG 
SPHERE = 
16" OF 0.0015" SILK | 


distances from the heated solid. The Thermistor 
is Model 23A obtained from the Western Electric 
Co. 

Radiation losses for the wire test section and 
the two spheres are experimentally determined 
by measuring the energy dissipation at a very 
low pressure near 10 © mm. Hg. 

The gos pressure in the bell jar is measured 
with a closed-end U-tube mercury manometer, a 
or a Mcleod 
gage, depending upon the pressure level. 


dibutyl phthalate oil manometer, 


Selection of Accommodation Coefficients 
and Gas Properties 


In order to account for the effect of free- 
molecule conduction, it is necessary to select 
accommodation coefficients for the different gases 
on the metal surfaces. The values given in Table 
1 were selected after consideration of values 
reported in the literature (1, 8, 13, 15, 17, 18, 
19) for the same or similar systems. 

References for the gas physical properties used 


in the calculations are given in Table 2. 


Analysis of Results 


The results of testing the validity and 
range of applicability of the previously 
developed equations with data and cor- 
relations from several sources follow. 


SILVER SOLDERED 


BRONZE PLUG — 
BRONZE SPHERE 


80" OF 0.003" SILK 
INSULATED NI. WIRE IN 


lh ures. 
data for 
correlated by use 


Vertical 
convection 
of Equation 
for the effect of 
molecule conduction. 
tion 


which accounts 


(9% t, is calculated from the 
molecule conduction equation (1), 
tained from Equation (4). The 
shown from the work oi 


Piret (75) are for 0.00276 


from 1.0 
and with values of ¢ 


at pressures mim, 


atmospheric, 
ranging 
present work 
irom 10° to 165° C, 
the 0,00306-in. diam. 
In Figure 7 the pre 
large differences are ap 
proximately 3% 


--t 


u 


values of ¢, 
vertical wire in ait 
-ent 
temperature 


the small temperature differences. 
The data of Figure 7 are 
uch conditions that the effect of 
conduction 1s negligible 
pressures of 200 mm. Hg. 
etfect lowers the heat-loss rate by 
at a pre of 1mm. Hg. 
7 indicates that Equation (9) does cor 


lec ule 


ssure 


0.003" NI. CURRENT LEADS 


0.003" NI. POTENTIAL LEADS 


0.001" THERMOCOUPLE WIRES 
COLD JUNCTION : 
THERMISTOR | 


SILICONE VARNISH 


Fig. 5. The 1.000-in. 


6" - 


sphere assembly. 


0.015" DIA. GLASS COATED 
ven 0.001" 


HANDLE 


POTENTIAL LEADS 


Fig. 6. Themistor probe assembly. 
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In Figure 7 natural 
vertical wires are 
(9), 
free- 
For use in Equa- 
Iree- 
and 
the equivalent film diameter b is ob- 
data 
Madden and 
and 0.QO988- 
n.-ciam. vertical wires in helium and air 
Hg to 
from 10° to 65° C., In the 
ranging 


are employed with 
data for the 
lower than the data for 


taken under 
tree- 
ahove 
llowever this 
about 
igure 


relate the data well whether the effect 
ot free-molecule conduction is important 
or not. 

The Equation for the 
Figure 7 is 


b 
- (14) 


0.26 
r— z) 
d’ 


between values 
and 10-1, 


solid line of 


The effect of molecule 
conduction in 
vection data will now be 


by using 


ignoring tree 


correlating natural con- 
demonstrated 
correlations which are of a 
form commonly found in the literature. 
If Equations (6) and (14) are com- 
bined and b/D’ - there 


results 


is eliminated 


(Nu) 


d’.m 


Table 1.—A d 


tion Coefficients 


Gas Metal Surface a 


oir platinum 
air brass 
helium brass 
argon brass 


This represented by — the 
smooth curve in Figure 8, accounts, as 
does Equation (14), for the effect of 
free-molecule conduction and also cor- 
relates the convection data for vertical 


equation, 


wires. 

The circle points of Figure 8 are 
calculated from the 0.00306-in. 
which include experiments 
0.17 
extends be- 

measuring 
the 


vertical 
wire data, 
at pressures as low as 
boundary layer 
gas-temperature 
For illustrative purposes 
effect of free-molecule conduction has 
been ignored in evaluating Nu and 
Gr-Pr-D/Z. At pressures lower than 
about 10 mm. Hg, which corresponds 
to a value of (Gr-Pr-D/Z)4 of about 
10-19, the points are scattered and fall 
well below the extrapolated curve. In 
fact, the heat loss in some 
than one-fifth the value for ordinary 
conduction, which illustrates the im- 
portance of iree-molecule conduction. 
The experimental values and those 
calculated by means of Equation (13) 
for the case where the boundary layer 
extends beyond the gas-temperature 
measuring element are shown in Figure 
9, The close agreement supports the use 
of the ordinary conduction equation 
(11) for calculating heat transfer with- 


mm. Ilg 
where the 
yond the 
element. 


cases is less 
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(12) 


3.46 X 
Pan. 


16.36 X 10° - 
sq 


Table 2.—Sources for Gas Physical Properties 


Helium 

1.252 — 
g- C. 

(11) 


(10) 
—- cm 


P mm. 


29.35 x 10° = 


w 


C..mm. Hg 
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4 MADDEN & PIRET 


0.32 


8x0 


0.24 
Nu 


° 
° 


° 


0.16 


0.08) 0055 
06° 


~ 


LOG Gr-PrD/Z)5 


7. Vertical wire data. 


Fig 


boundary layer 


lary 


in the boun at low pressures 
For use in Equation (13) ¢, is obtained 
from the free-molecule conduction equa- 
tion (1). It should be remembered that 
Equation (13) can be used only when 
convection currents within the boundary 
layer are negligible and ¢, is measured 
inside the layer. For the data shown in 
Figure 9 values of A,/D>5 are 
countered; that is, the mean-free path 
length of the gas is than five 
times the Values of 
\,/D as high as twenty are reported in 
the work of Madden and Piret (15). 

A few exploratory experiments were 
also made on temperature distributions 
in the air surrounding the 0.00306-in. 
vertical wire. Data for the results shown 
in Figure 10 are obtained by placing 
the Thermistor at various distances from 
the wire. Because of the decrease in 
convection currents and the correspond- 
ing expansion of the boundary layer, 
the curves for the lower pressures gen- 
erally lie above the curves for higher 


layer 


en- 


more 


wire diameter. 
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Gas temperature ft, 


° (NU) mm Vs. (Gr-PrD/Z)4 


measured outside 


al 0 il 


ufficiently 


However the data 
lustrate that if the pressure 1 


pressures. 


low, the effect of free-molecule con- 
duction is aopreciable, and sharp 
temperature drop occurs near the wire. 


This causes a lower temperature distri- 
bution in the surrounding gas, as can 
be seen from the curve for a pressure of 
1.17 mm. He. 

For the case where ¢ represents the 
gas temperature at a distance of ' in. 
from the wire, Figure 11 shows how the 
ratio ot (f t,/tw—t,) first increases 
to a maximum and then decreases as the 


pressure 1s lowered. Again the decrease 
is attributed to the effect of free-mole- 
cule conduction, which is more pro- 
nounced at the very low pressures. The 


experimental values shown in Figure 11 
are believed to be low because of radi 
ation and lead losses from the 
istor. 

Each calculated value of t at a given 
pressure is obtained by 


Pherm- 


assuming that 
the experimentally determined heat loss 
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Fig. 8. Data for 0.00306-in 


LOG Gr-Pr:D/Z 


vertical wire, showing effect of ignoring free- 


molecule conduction. 


0.80 


1 i 
20 30 40 50 
CALCULATED 
Fig. 9. Data for 0.00306-in. vertical wire in air, 
showing agreement of experimental with cal- 


culated values, Equation (13). Gas tempera. 
ture ft, measured inside boundary layer. 


occurs by free-molecule conduction 


mean fre 
and by or 


through a distance of one 


path length from the wire 


dinary conduction from this point to a 
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Property Air Argon 
(12) (3 e125 13) 
g- C. 
(12) ~ 10° 9 (14) 
136.6 cm.-sec 
T . 
.cm.- C.-mm. Hg sq.cm.- C..mm. Hg sq.cm. 
3.8 040 
° 
3.0 
10 om 
> 26 | 
4 
2.2 
— 
40 
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= 


distance of \% in. from the wire. These 

calculated values of t are probably quite 
; TEMPERATU 

close to the actual gas temperatures at teal EMPER RE 

low pressures. At higher pressures, how- tw—tg * APPROX. 165° C. 

ever, computed values of ¢ are in error 

because of the appreciable convection 


currents within the boundary layer 
which are not accounted for in the cal 
culations. For this reason calculated 
points at higher pressures are not shown 
in Figure 11, but the curve passing 
through the calculated points is extra- 


polated in order to approximate the 1.17 MM. HG. 


actual curve. — 


Sphey Horizontal Cylinders 148 MM. 
IPleres ane ers. 
Meager [502 1 


data are available today for 


natural convection heat transfer from ie) 025 050 O75 100 125 ISO 175 200 
spheres, and all of these data are taken DISTANCE FROM WIRE IN INCHES 


under conditions such that the effect — for the 0.00306-i int tet 
of free-molecule conduction is negligible. Fig. 10. Observed temperature distributions for the in. ver 


In the present work sphere and 
horizontal-cylinder data for the case 50 


where the gas temperature ¢, is measur- 


ed outside the boundary layer are cor- 
related over a wide range of (Gr-P’r) a 
values from 10-7 to 10% The effect 
of free-molecule conduction is neg- 
ligible for all of the 1,000-in.-sphere 
data, and this effect is significant only 
for the 0.312-in. sphere below about 1 
mm. Hg, At this pressure the boundary 
laver has expanded beyond the gas- 


temperature measuring element. 


100 (t-tg)/(tw- tg) 


The present data for spheres are 
plotted in Figure 12 as (Nu)q» against ° EXPERIMENTAL 
log (Gr-Pr)4 for the case where t, is 4 CALCULATED 
measured outside the boundary layer. At 
low values of (Gr-Pr)q, the value of t=AIR TEMPERATURE 
(Nu dam is seen to approach 2, which 1/8-INGH FROM WIRE 


is the theoretical value for heat loss 
from spheres by ordinary conduction -I 0 I 2 3 4 
through a stagnant boundary layer of in- LOG PRESSURE (MM. HG.) 

finite width. Ilence in this region of the 


correlation for spheres, the natural con- Fig. 11. Effect of pressure on temperature level near 0.00306-in. 
vection currents within the boundary vertical wire. (te — t,) = approximately 165° C. 


3 


laver are so slight as to have a negligible 
effect on the rate of heat loss. lf 


(\ and log (Gr+Pr) are used SYMBOL DIAM. GAS 
as coordinates, the curve of Figure 12 L000" AIR 
HELIUM 
ARGON 
0312" AIR 
. HELIUM 
ARGON 


is expected to correlate natural convec 
tion data, whether the effect of free- 
molecule conduction is significant or not. 
When this effect is negligible, (Nu a’. 

(Vidgm and (Gr-Pr)arm (Gr 

Data from the present work and two 
other sources (6, 16) are shown in Fig- 
ure 13, illustrating that (Nu), ,, is not 
the same funetion of (Gr-I’r)y,, for 
both spheres and horizontal cylinders. Ow 


For high values of (Gr-Pr) 


how- 
ever, the percentage difference between 
(Nit)g._ for spheres and for horizontal 
cylinders is small. The effect of free- -3 2 
molecule conduction is negligible for all LOG (Gr-Prig m 


of the data shown in Figure 13. 


d,m 


Equation (7), which utilizes the con- Fig. 12. Data for spheres. Gas temperature t, measured outside boundary layer. Effect 


cept of an equivalent film diameter, is of free-molecule conduction negligible. 
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successfully used to correlate sphere and 
horizontal cylinder data from several 
sources (6, 15, 16). The correlation, 
Figure 14, extends over a remarkably 
wide range. It can be seen that the 
function w of Equation (7) is the same 
tor spheres and horizontal cylinders. 
McAdams’ correlation for horizontal 
cvlinders agrees well above a value of 
(Gr: Pr) m 10'5 with the data 
shown in Figure 14. Below this value, 
however, the agreement is not good, and 
hence McAdams’ correlation is not ex- 
tended to lower values of (Gr-Pr) a m. 
It is easy, once the effective tilm diam- 
eter b from Figure 14 has been found, 
to calculate the heat-loss rate from 
spheres or horizontal cylinders by the 
use of Equation (4) or (5). This, sup 
plemented by the almost linear relation 
found, suggests that the correlation 
shown in Figure 14 be used instead of 
the classical Vu vs. Gr-Pr relationships 
tor horizontal cylinders and spheres. 

The data shown in Figure 14 can be 
represented by two straight lines inter 
secting at (Gr-Pr)q», = 10'*. Equa- 
tion (7) for spheres and_ horizontal 
evlinders becomes 


for values of (Gr-Pr)y 
and 101-5; and 


» between 10> 
5.01 
for values of (Gr-Pr larm between 10! 


and 10%, Above 10° turbulent flow oc 
curs in the boundary laver. 


Except for the data of Madden and 
Piret (15) the effect of free-molecule 
conduction is negligible for all the data 
shown in Figure 14. However Equa- 
tions (16) and (17) are expected to be 
applicable whether this effect is signifi- 
cant or not. 

The data shown in Figure 15 are for 
the 0.312-in. sphere at low pressures 
when the boundary layer has expanded 
beyond the gas-temperature measuring 
element and convection currents are 
slight. As can be seen, the effect of free- 
molecule conduction at the lowest pres- 
sures causes the value of 2/( Nu Ja.m to 
increase to almost two and one-half 
times the value for ordinary conduction. 
The close agreement of values calculated 
by Equation (12) and experimental 
values supports the use of the free- 
molecule conduction Equation (1) for 
heat loss from spheres through a dis 
tance of one mean free path length. 

The results of measuring a few gas 
temperatures at different distances from 
the 0.312-in. sphere are shown in Figure 
16. In these experiments the effect of 
free-molecule conduction is negligible 
and, as would be expected, at a given dis 
tance from the sphere, (t—t,)/(t,—t,) 


is the same function of (Gr-Pr),,, for 


air, helium, and argon. 


Use of Hect-Transfer Equations 


Combination of Equations (3) and 
(16) and elimination of the equivalent 
diameter b yields 


This convection equation can be used in 
conjunction with the free-molecule con- 
duction equation (1) to calculate the 
heat loss from spheres to gases between 
values of (Gr-Pr)y., trom 10-7 to 
101-5, Since the rate of heat loss is the 
same through both regions, the correct 
rate is obtained when such a value of f, 
is selected by trial and error that Equa 
tions (18) and (1) yield identical 
answers. The pairs of equations given 
in Table 3 for spheres and cylinders 
may be used in this manner to calculate 
the heat loss when the effect of free- 
molecule conduction must be considered. 

In the great majority of heat-transter 
problems, the effect of free-molecule 
conduction may be ignored, and one of 
the more simple convection equations of 
Table 4 may be used. In tact, these 
equations can be applied with less than 
1% error to spheres and cylinders in 
any gas at atmospheric pressure if the 
diameter of the solid is 0.001 in. or 
greater and the solid temperature is 
200° C. or less. 

If there is some doubt as to whether 
the effect of free-molecule conduction on 
the rate of heat transfer is less than 1%, 
one should assume that = t, — 0.01 


(t,. -t,) and substitute this value for 


(, in the two appropriate equations of 
Table 3 to calculate a value of g trom 
each equation, If the heat loss as caleu- 
lated by the free-molecule conduction 
equation is greater than the loss given 
by the convection equation, the effect 
of free-molecule conduction is less than 
1% and so may lx nevlected 

The equations of Tables 3 and 4 are 
applicable when the gas temperature ¢, 
is measured outside the boundary layer 
Although in most situations the width of 
the boundary layer is unknown, the gas 
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Fig. 13. Data for spheres and horizontal cylinders. Gos temperature Fig. 14. Heat transfer from spheres and horizontal 
t, measured outside boundary layer. Effect of free-molecule conduction goses under natural-convection conditions. Gas 
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Table 3.—Equations for Use When the Effect of Free-Molecule Conduction Must Be Considered 


(Gr Pr)a’m range Spheres Horizontal cylinders 
7 16 
10°’ to 10 q = — ta — ty @ = — — .. 
O.37 d’.m 
1 + 7.09/ ( Gr Pr | 
273.2 
q = rD°A.Pa (fw — ta) q = rDLA.Pa (te — ta) 
1.6 
10 to 10 q= & q= __ ta — ty 
In| 1+ 5.01/( Grer) 
0.26 
1+ 5.01/ ( ) 
jd’,m 
D’A.P DLA.P { ) 
q = rD'A.Pa 4 / w — fa) q = TDLA.Pa , w — 
Gr Pr 
Z Vertical cylinders 
q = 0.2¢ 
4.47/ ( Gr Pr ] 
Z 
10 to 10** 273.2 
q = rDLA.Pa (fw — ta) 
t Table 4.—Equations for Use When the Effect of Free-Molecule Conduction May Be Neglected 
(Gr Pr)a m range Spheres Horizontal cylinders 
7 is om 
10 to 10 q 2nDkw.g tw - ty q = Qrlkw — tw - ty 
: inf + 7.09/ Gr Pr ) ] 
am 
1 + 7.09/ ( Gr Pr ) 
d,m 
1.5 
10°" to 10 q = te — ty q = ty 
1 in 1+501/( Grer) ] 
0.26 dm 
1+ 5.01/ Gr Pr 
dm 
D \ 
Gr Pr 
( z m Vertical cylinders 
10°" to 10°** q = 2nlk 
inf +447 ( Grer-?.) | 
Z 


temperature can often be measured at a 
great distance from the solid to insure 
that t, be the ambient temperature. In 
the present work the thickness of the 
boundary layer is always less than 6 in. 
at pressures above 5 mm. Hg, and some 
gas-temperature distribution data are 
shown in Figures 10 and 16. Relation- 
ships resulting from the use of gas-tem- 
perature data obtained with probes or 
by optical methods are needed to deter- 
mine boundary-layer widths over a wide 
range of conditions. 

At low pressures when the movement 
of gas within the boundary layer is 
slight, the point at which ¢, is measured 
may if desired be located inside the 
boundary layer. The free-molecule con- 
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dluction equation (1) is then used in 
conjunction with the ordinary conduc- 
tion equation (10) for spheres or (11) 
for cylinders. In the present work con- 
vection currents have a negligible effect 
at pressures lower than 1 mm. Hg. Fig- 
ure 17 shows that the heat-transfer rates 
from cylinders in vertical and horizontal 
positions become identical as the pres- 
sure is lowered. This demonstrates ex- 
perimentally that convection currents 
decrease in importance at lower pres- 
sures, 

Application of the equations given in 
Tables 3 and 4 is demonstrated in the 
following problem. 


Example. What is the predicted rate 
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of heat loss other than radiation from 
a horizontal brass cylinder 10 ft. long 
and 0.3 in. diam. if the cylinder at 
200° F. is losing heat under natural 
convection conditions to a large volume 
of air at 70° F. and at (a) atmospheric 
pressure? (b) 0.05-mm.-Hg pressure? 
For atmospheric pressure it is appar- 
ent that the effect of free-molecule con- 
duction may be ignored. 
= gBp*D3 (ty, CH 


where = 200° F., t, = D= 
0.025 ft., g = 4.17 x 108 ft./hr.*, and 
the gas properties are evaluated at a 
temperature of (200+ 70)/2 = 135° 
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F. to give B=1/(460 + 135) =0,00168 For a pressure of 0.05 mm. Hg it is 
° R.~?, p=0.0667 Ib./cu.ft. Ce=0.2403 not known whether the effect of free- 
B.t.u./lb.(° F.), = 0.0482 lb./ft.(hr.), molecule conduction is significant or 
and k = 0.0167 B.t.u./hr.(ft.) (° F.). 


As the heat-loss rate calculated by the 
free-molecule conduction equation is less 
than that for the convection equation, 
the effect of free-molecule conduction 

(Gr-Pr) (40 108) (0.00168) (0.0667)2(0.025 13200 70) 10uld be considered 

(0.0482 )2 For a value of t, = 180° F., 
(0.2403 )( 0.0482) - 188 x 103 17.8 B.t.u./hr. by the free-molecule 
(0.0167 ) conduction equation 


The appropriate equation from Table } > 19.0 B.tu./hr. by the convection 


equation. 
not. Using the procedure previously 
q= Ryo = outlined for such situations, one first lor a value of ¢ 178.9° F., 


In| 1 + 801/( Gr-Pr) that tq = te — 0.01 (ty —t,). 


18.8 B.t.u./hr. by the free-molecule 


conduction equation 


(200 — 70) 


= (2) (3.14) (10) (0.0167 
q ( ( 7? 2.3 log[1 + 5.01/(1.88 & 103 


260 B.t.u./hr I8.8 B.t.u./hr. by the convection 
equation, 

This demonstrates how easy it is to use 
the equations of Table 4 when the effect 178.0° 
= — 70) = answers for a vi f ft ‘ 

of tree-molecule conduction can be ig- ta 00 — 0.01(200 — 70) r a value of f, 

nored the correct heat loss rate 1s 18.8 B.t.u./ 
_ 346 hr. Caleulated values of the heat-tran 

A, = — cm, 


\s the two equations yield identical 


ier coethcients for typical experimental 
conditions are given in Table 5 


mm 


where 

© AIR(A=0.90 

Ta = 5/9(198.7 + 460) = 366° K. 

ARGON (Ci*0.95) D => wire sphe re ciamete r, it 
(3.46) (366)128 


. 10-6 wire test section length, ft. 


total length of heated wire, ft. 
0.134 em. = 0.0044 ft. boundary laver width, ft 

i equivalent film diameter, ft 
D+ Zhe = 0.025 t 2(0.0044 ) , tixed distance from the phere 


0.0338 it. center or cylinder axis to the 


pom\t at which the ga tem 


27)'3/ erature is ured, tt 
(Gr-Pr) gBp*D (tq — ty) © pH 
\“ mean tree path length of the 
k 


1 
19 22 25 
TED 


gas at a temperature ot f,, tt. 


rhe gas properties are evaluated at a t 2rq effective diameter 


temperature of (f,+1,)/2 to give ol sphere or cylinder for 

Fig .15. Data for 0.312-in. sphere, showing agree- Gr-Pr). 92 * 10-5 heat loss by convection, ft 

ment of experimental with calculated values, 
Equation (12). Gas temperature measured 
inside boundary layer. molecule conduction equation is inder, sq.tt 

effective surface area calcu- 
f 273.2 lated by using the effective 


q = aDLA,Pa (ty — t,) 
HELIUM temperature of the solid wire 


where or sphere, © F. 
«! ARGON T. = 366°K te mperature ot the vas ata lis 
a — 366° K. tance of A, from the solid, 


The heat-ioss rate given by the free : urface area of sphere or cyl- 


diameter, sq.ft 


oT 
watts F. 
16.36 4 il = temperature of the gas at a dis- 
cm.* .—mm.lig 
5 tance of 4% b’ from the cen- 
28.8 B.t.u./hr.(it.2) (° F.) (mm.H¢g) ter of the sphere or wire, 
oO 


0.90 for air on brass 


273.2 
(200 — 198.7) 
366.0 


q = (3.14) (0.025) (10) (28.8) (0.05) (0.9) \ 
= 1.14 B.t.u./hr. 


The heat-loss rate given by the appropriate convection equation is 


q = 0.37 
-25 -O5 05 in| 1+ Gr-Pr) 
LOG GrPr)g m 
(198.7 — 70) 
ig. 16. Correlation of gas temperature dota g = (2) (3.14) (10) (90.0166) = 22.4 B.t.u. /hr. 
for the 0.3124n. sphere. 23 log (1 + 7.09/ (1.92 10-8) 
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Table 5.—Computed Values of Heat-Transfer Coefficients for the Vertical Wire and 
Spheres under Natural-Convection Conditions at Subatmospheric Pressures 


Solid temperature 


Ga 


Pressure 
mm. Hg 


be 
wl 


150° F. 


temperature 


B.t.u./he.(sq.ft.)(° F.) 
Sitw — ty) 


0.00306-in. 
vert. wire 
Helium 


absolute temperature at a dis- 
tance of Ag from the solid 
wire or sphere, ° K. 
gas pressure, mm. Hg 
Nusselt number (iD/k) 
Grashof number ( 
Prandtl number 
> heat-transfer coefficient, B.t.u./ 
hr.(sq.it.) (° F.) 
= thermal conductivity of the 
gas, B.t.u./hr.({t.) (° F.) 
gas density, lb./cu.ft. 
acceleration of gravity, ft./hr.* 
coefficient of compressibility, 
= i/7,° 
= temperature difference for heat 
loss by convection, ° F. 
gas viscosity, lb./ft.(hr.) 
heat capacity of the gas at con- 
stant pressure, B.t.u./Ib. 
(°F.) 
rate of heat loss, other than 
radiation, B.t.u./hr, 
A, = free-molecule conductivity of 
the gas at 0°C., B.t.u./hr. 
(sq. it.) (° F.) (mm. Hg) 
a = accommodation coefficient 


for gases 


(Other consistent sets of units may 
used, but 7, must always be in ° K. 
1en used in the form of the free-mole 


cule conduction equation presented in 
this work.) 


Subscripts: 


w,g—indicates that the gas-thermal 
conductivity is evaluated at a 
temperature of (ty, + t,)/2. 

a,g—indicates that the gas-thermal 
conductivity is evaluated at a 
temperature of (t, + t,) /2. 

d, m—indicates that the dimensionless 
groups are evaluated using D 
as the diameter, t,—t, as 
the temperature difference, 
and (ty +t,)/2 as the tem- 
perature at which the gas 
physical properties are eval- 
uated 


0.312-in. Sphere 


Argon 


70° F. at 6 in. from the solid center. 


1.000-in. sphere 


Helium 


d’,m—indicates that the dimensionless 
groups are evaluated using 1” 
as the diameter, t, — t, as the 
temperature difference, and 
(tg + t,)/2 as the tempera- 
ture at which the gas physi 
cal properties are evaluated 
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Fig. 17. Effect of orientation on heat loss from 
0.00276-in. diam. wire. Data of A. J. Madden. 


Natural-convection interferometer pattern around 
a horizontal cylinder 
Courtesy E. R. G. Eckert, University of 
Minnesota 
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Free-Convection Mass Transfer at Vertical Plates 


C. R. Wilke, C. W. Tobias and Morris Eisenberg 


University of California, Berkeley, California 


Mass-transfer coefficients for free convection have been evaluated from limiting 
rates of electrolysis and from rates of dissolution of organic solids. Electroly- 


sis studies involved deposition of copper and silver at vertical electrodes from 
solutions of copper sulfate and silver perchlorate respectively. Solid plates cast 
from benzoic and salicylic acids were dissolved into water. Electrode and plate 
heights varied from ‘4 to 5% in. 


Application of existing heat-transfer theories to mass transfer by free convection 
is outlined, and the various results are compared. A general correlation of the 
mass-transfer data was obtained which may be expressed by the equation: 


where 


0.66 (ScGr)* 


Nusselt number for mass transfer (average over the plate) 


Schmidt number 
Grashof number 


In the form given above the correlation is in good agreement with experimental 
of Schmidt numbers from 500 to 80,000 and over a range 


results over a range 
of Grashof numbers 


Mm transfer by free convection is 
concerned with the spontaneous 
gravitational movement and mixing 
which occur when changes in concentra- 
tion from point to point within a fluid 
are accompanied by corresponding 
changes in density. This subject has re- 
ceived relatively little attention in’ the 
literature. Evaporation of water from 
tree horizontal surfaces has been inter- 
preted by analogy to heat transfer (3). 
Boelter (2) has shown that vaporiza- 
tion of water into air flowing vertically 
and viscously in a wetted wall column 
may be appreciably influenced by free 
convection flow superimposed on the 
normal viscous-flow pattern. Several 
studies (1, 14, 16, 20) have been con- 
cerned with mass-transier effects du 
ing electrodeposition in unstirred bath: 
The authors (27) have studied limiting 
rates of electrolysis in the deposition ot 
copper from sulfuric.acid solutions. 
The objectives of the present paper 
are to present (1) a theoretical discus- 
sion of free convection at vertical sur- 
faces and (2) experimental data as a 
basis for comparison of the theories and 
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from 10* to 10”. 


development of a general correlation for 
iree-convection mass transfer. Two 
modes of operation have been studied: 
namely, movement of material toward 
the interface in electrodeposition of 
metals and movement of material from 
the interface in the dissolution of solids. 
A general interpretation of such proc- 
esses may be useful in the analysis of 
other chemical engineering operations. 


Theory 
MECHANISMS OF MASS TRANSFER 


The present discussion will consider 
physical transfer of ionic or molecular 
materials unidirected from a body of 
solution to a vertical solid surface. Con- 
sideration will be limited to steady-state 
processes in which the rate of mass 
transfer, concentrations of the various 
species, and all other conditions and 
properties of the system at any given 
point in the system remain constant with 
time. 

In the absence of significant tempera- 
ture gradients and external accelerations 
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other than those resulting from gravita- 
tional or electrical forces, transier may 
be assumed to occur by the following 
primary mechanisms 1) migration re- 
stricted to movement of ions under a 
potential gradient in the present systems, 
that is, electrodeposition of metal, 2) 
diffusion, and 3) convection. The total 
rate Oo! transter Ot a given component 
at a particular point within a body of 
solution per unit area perpendicular to 
the direction of transier may be ex- 
pressed by the equation : 


(1) 
where 


N, = total rate of transfer, 
ions or g. moles/sq.cm. (sec. 
= rate ot migration, 
ions or g. moles/sq.cm. (sec. 

rate of diffusion, 

g. ions or g. moles/sq.cm.(sec. 

N, = rate of convection, 


g. 1ons oF moles sq.cm. (sec, 
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lor steady-state processes it is con- 
venient to express the rate of migration 
as a function of the current tlow per 
unit area: 


tl 
Nw (2) 


where 


t = transference number for the 
given species 

/ = current density, amp./sq.cm. 

n = valence charge of the ion 

F = the Faraday, 96,500 amp.-sec./ 
g. equivalent. 


The rate of diffusion is given by 


N, = —D— (3) 
d\ 


where 


D = dilfusion coefficient, sq.cm./sec. 

¢ = concentration of diffusing spe- 
cies, g. mole/cu.cm. 

y = distance in the direction of dif- 
Tusion, cm. 


When bulk flow results from volume 
changes associated with diffusion, the 
equation must be altered to include this 
effect (9,23). For sufficiently dilute 
solutions equivoluminal diffusion may 
be assumed with negligible error and 
Equation (3) is applicable. This is the 
case for the systems used in the present 
study. 

Convection which involves transport 
of material by bulk movement of the 
fluid as a whole, is generally a much 
more rapid process than molecular dif- 
fusion. The rate of transport by con- 
vection may be expressed by the rela- 
tion: 


N.=V yc (4) 


where 


I’, = velocity of fluid movement in 
the y direction, cm./sec. 
¢ = concentration of transported 
species, g. mole/cu.cm, 


Migration can usually be evaluated 
from knowledge of the transference 
number and current flow and thus may 
be considereu separately from the 
diffusion-convection process. In most 
liquid systems under moderate density 
gradients, free-convection mass trans- 
fer will deal with simultaneous dif- 
fusion and convection in a laminar-flow 
field. This paper will be limited to 
these conditions, 

In steady-state free convection the 
main resistance to mass transfer is 
associated with a relatively narrow 
region of fluid in the vicinity of the 
solid-liquid interface, and so the con- 
centration of the bulk solution remains 
essentially constant. It is convenient 
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therefore to define the rate of mass 
transfer from a fluid to a solid in 
terms of the mass-transfer coefficient 
for the fluid phase and the concentra- 
tion difference between the bulk solu- 
tion and the interface. Thus the local 
value of the mass-transfer coefficient 
may be expressed by the equation: 


Np Ne = ki %) (5) 
where 
k;, = mass-transfer coefficient, cm./sec. 


In general both k, and c; may vary 
from point to point in the vertical direc- 
tion (*# coordinate), and so it is neces- 
sary to specify whether k, is a local 
point value or an average value over 
the entire surface area under considera- 
tion. In this paper a subscript x, that 
is, (kp)», will denote the local point 
value; absence of a subscript will de- 
note the average value. A similar con- 
vention will be used for other quan- 
tities. 

In steady-state reactions at electrodes 
the rate of mass transfer Np is ob- 
tained by subtraction of the migration 
rate from the total rate of transfer of 
the species undergoing electrochemical 
reaction, Thus 


(l—t)l 


N,= 
nl 


= ky (Co — (6) 


where 


t= proper average transference 
number over the mass-trans 
fer region. 


The following discussion will con- 
sider relations for the prediction of 
mass-transfer coeflicients from system 
properties. Metal deposition at a ver- 
tical cathode will be used as the model 
for the derivation, although the re 
sults obtained are applicable for mass 
transfer by diffusion and convection 
in either direction, and for both electro- 
chemical systems and conditions of 
purely physical mass transfer, as in 
the dissolution of solids. Application 
of Equation (6) will be restricted to 
limiting-current conditions under which 
transfer occurs at a rate sufficiently 
great to reduce the interfacial concen- 
tration to a value so close to zero that 
k, may be evaluated from knowledge 
of only the mass-transfer rate and Cp. 
To gain some quantitative insight into 
the process, the boundary-layer method 
for heat transfer (6, 5) will be paral- 
leled for mass transfer. This method, 
which is simpler than use of the 
Navier-Stokes equations for fluid mo- 
tion and their counterpart for diffusion 
and convection, is believed justified 
since in neither case can a completely 
rigorous solution be obtained for the 
situation at hand. 
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FREE-CONVECTION PROCESS 


A vertical-plane cathode of height 
x and infinite width is considered. One 
side is insulated and the other is in 
contact with a solution containing a 
metal ion to be deposited, the bulk solu- 
tion in contact with the electrode being 
assumed infinite in extent. This model 
can be approximated in practice by a 
cathode of finite width immersed in a 
sufficient body of solution so that within 
the time of an experiment there will 
be no significant depletion of the bulk 
solution. The following assumptions 
are made (1) that at zero current flow 
the solution is at rest and contains the 
reacting ion at uniform concentration 
C,, (2) that a sufficient excess of inert 
electrolyte is present to carry most of 
the current, and (3) that the ions de- 
posited when current flows are trans- 
ported from the bulk solution to the 
electrode mainly by diffusional mass 
transfer. When current passed 
through the cell there will be an initial 
depletion of the metal ions in the region 
of fluid in immediate contact with the 
electrode. As the fluid is depleted in 
metal ions the density is reduced and an 
upward convective flow of liquid occurs 
as a result of gravitational forces. 
This convective flow supplies fresh 
solution to the electrode and thus im- 
proves the mass-transfer process over 
that which could result from molecular 
diffusion alone. The layers of solution 
flowing along the electrode surface 
undergo greater depletion as they rise 
to greater heights, and the convection 
current is continuously increased by 
movement of additional bulk solution 
into the depleted regions. 

Eventually, if the current or applied 
potential is kept constant, a steady-state 
condition will be reached in which ions 
are supplied to the electrode region by 
convection at a rate equal to the rate 
of deposition. The flow pattern in the 
vicinity of the electrode at steady 
state is illustrated in Figure 1. A 
layer of fluid having appreciable verti- 
cal components of velocity exists near 
the surface. This boundary layer in- 
creases with thickness in the x direc 
tion as indicated in the figure. The 
exact line of the boundary layer ts 
arbitrary, but it can be assigned a thick- 
ness B, which can be defined mathe- 
matically by appropriate equations. It 
may be regarded as the layer of fluid 
in which the velocity is significantly 
different from that in the bulk solution, 
The bulk solution is assumed to be at 
rest in the present case. 

The shape of the velocity profile in 
the boundary layer at any height + 
under steady-state free convection has 
been studied for the analogous case of 
heat transfer (5, 19) as illustrated in 
Figure 2. The velocity distribution may 
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Fig. 1. Boundary layer in free convection. 


be represented approximately by the 

equation 

y\? 

Ue=U, 1— — (7) 
B B 


where 


U = velocity at distance y from the 
electrode 

U;, =a constant 

B = boundary-layer thickness. 


It can he 
maximum 
occurs at 4 

A boundary for concentration 
distribution may also be postulated as 
the layer in which the concentration is 
disturbed and thus different from that 
in the bulk solution. To simplify the 
present treatment the boundary-layer 
thickness will be assumed identical for 
velocity and 


from (7) that the 
equal to 4/27 U, 


shown 
velocity 
B /3. 


laver 


concentration, If it is 
assumed that the concentration profile 
is similar to that obtained for tempera- 
ture distribution in heat transfer, the 
concentration within the boundary layer 


may be represented by the equation 


AC sc,(1-4 ) (8) 
B 

where 

AC =C,-C, AC, = C,— G. 


Figure 3 indicates the general shape of 
the concentration distribution curve. 


Derivation of Equations 


Analytical describe 
the free-convection process will be de- 
rived in a manner parallel to that used 
by Squire (6) and Eckert (5) for heat 
transfer. In order 


expressions to 


that this derivation 
may be used it is necessary to assume 


that diffusion proceeds according to 
Equation (3) and that the effect of 
material transferred to the electrode, 
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that is, the mass-transfer current in the 
y direction, makes a negligible contri- 
bution to the total momentum trans- 
ferred in the boundary layer and to the 
velocity distribution. 
derivation, extremely 
complicated, would hardly be justified 
in view of uncertainties about the basic 


A more rigorous 


besides being 


information necessary for practical use 
of the result. 

Control surfaces formed by parallel 
planes 12 and 34 of unit width separated 
by a distance dr and extending a dis- 
tance |. > B through the 
layer perpendicular to the electrode are 
Figure 4. The 
tribution at this value of x is described 
by Equation (7) and Figure 2 and the 
concentration distribution by Equation 
(8) The change in 
direction of the 
fluid which passes upward through the 
volume thus formed must be 
equal to the external forces acting on 
the volume element as expressed by the 


boundary 


shown in velocity dis 


and Figure 3. 


momentum in the x 


element 


following equations. 


CHANGE IN MOMENTUM 


Since the velocity outside the bound 
ary layer is zero no momentum can 
enter through plane 24; therefore the 
change in momentum over the element 
is given by 


Momentum change 


L 
d 


dx 


O 


= (9) 


where p’ is the average fluid density 
over the element. Note that Z is taken 
as unity and omitted from all equations. 


GRAVITATIONAL FORCE 


dxdydz of 
p is considered, the buoyant 


If an element of volume 
density 
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CONVECTIVE VELOCITY, Cm PER sec 


o2 
0 
° «002 003 04 
Y 


DISTANCE FROM ELECTRODE, Cm 


Fig. 2. Velocity distribution in boundary layer. 


force 


relative to a reference density 


p, has the value 
F : (p dxd\dz 


where 


Po density at some rete rence point, 
the bulk 


solution in the present case 


i.e., the density of 


p = density of the element 


7] acceleration of gravity 
I force acting on the element. 
For the volume element of Figure 2 


the total force is given by: 


Buovant force 


(10) 


To facilitate the subsequent integration 
of Equation (10) it is convenient to 
the function of 


express density as a 


concentration through the — specific 
densification coefficient 

os 

2 

07? C = 
« 
w o6 + i 4 
= | | 
4 o5 
03 BOUNDARY 
LAYER i 
E 02 = 
Oo 
oo! 002 coos 004 

Y 


DISTANCE FROM ELECTRODE, Cm 


Fig. 3. Concentration distribution in boundary 
layer. 
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8 os 
2 
v 
xe 
L 
da 


(po 
prt 


where 


( ( 


‘ 


If (11) is introduced into (10), 


Buoyant force 


ap’ qda ACdy (12) 


where a and p’ are average values over 
distance J. 


SHEAR FORCE 


As a result of the velocity gradient 
a shear downward on the 
fluid element at the wall, and the result 
ing force is given by: 


Shear force = dxp, ( 


where 


stress acts 


(13) 


wy = coethcient of viscosity at the 


interface 


velocity gradient at the elec 


( dU ) 
dy trode-solution interface 


Combining (10), (12), and (13) 
gives the momentum equation for the 
boundary layer: 


14 
d\ ) (14) 


A corresponding equation for mass 
transfer may be developed on the basis 
that the reacting ions must be supplied 


ELECTRODE HEIGHT 


y 
DISTANCE FROM ELECTRODE 


Fig. 4. Control surfaces for theoretical deri- 
vation. 
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pecitic densification coefficient. 


to the volume element through plane 24 
perpendicular to the electrode at a rate 
equal to the rate of deposition at the 
electrode plus the change in rate of 
transfer in the vertical direction 
through planes 12 and 34 over distance 
dx, Rate of 
negigible. 


nugration is assumed 


RATE OF TRANSFER THROUGH PLANE 24 


Total volume 
O 


of liquid entering 24 


Since this fluid enters the element at 
concentration C,, the rate of ion trans- 
fer is: 


Rate 


CHANGE IN RATE OF TRANSPORT THROUGH 
12 AND 34 OVER dx 


CU'dy g. ions 


RATE OF DEPOSITION AT ELECTRODE 


Ions move to the electrode by dif- 
fusion according to the equation 


d 
axp,(S°) 


(17) 


dC 
Rate dxD - 
= 


where 


Dy 


dc 
dy J, 
Combining Equations (15), (16), and 


(17) gives the mass-transfer equation 
for the boundary layer 


coefficient at the 


electrode-inter face 


citfusion 


concentration gradient at the 
interface. 


Equations (7) and (8) may be sub 
stituted in Equations (14) and (18) 
and the integrals therein evaluated.. 
To solve the resulting equations fur- 
ther, one must assume that U, and B 
of Equations (7) and (8) vary as 
power functions of electrode height. 
Dimensional analysis (5) establishes 
the exponents of x and leads to the fol- 
lowing relations: 
U, = Cyx% (19) 


B= (20) 
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where 


3.93] 952 + 


gad 


The velocity distribution and boundary- 
layer thickness for any value of x are 
thus defined by the system of Equations 
(7), (8), (19), (20), (21), and (22). 
Figures 1, 2 and 3 are based upon these 
equations applied to a 0.73 molar CuSO, 
solution at limiting current over a 3-in. 
cathode (in 1.5 molar H.SO,). 
laminar flow the 
and diffusion coefficients are important 
in establishing the velocity and con- 
centration gradients throughout the en- 
tire boundary layer, it seems preferable 
to evaluate these properties at the aver- 
age composition of the boundary layer 
rather than at the interfacial composi- 
tion, and accordingly p, p, and D, will 
be written without special designation 
when average values are implied. 
adC, may be replaced by its equivalent 
Pp, — pi/p. For convenience in writing 
subsequent equations the following di- 
mensionless groups will be defined and 
abbreviated as given below: 


Schmidt number = Sc : ( . ) (23) 
pl) 


Pi 


Since in viscosity 


Grashoff number G) 
(24) 


Equation (17) may be utilized in I-qua- 
tion (8) to give the tate of mass trans- 
fer per unit area at the electrode sur- 
face 

2D 


(25) 


where number D; on the right hand has 
been replaced by D corresponding to 
the average composition. 


From Equations (5) and (25) 
2D 


(ky 


B (26) 


Introducing the value of B from Equa- 
tions (20) and (22) leads to the result 


Vu,’ = (Au 
Nu, D 
% 


= 0.508Sc% (0.952 + Sc) 


(27) 
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C, = $17 S + 
and 
i" 
4 4 
| ax O 
dl (15) 
d 
dx — sec. 
(16) 
a L L 
d 
ag ACdy 
4 
O 
= 
ly B 
1“ | UaCdy = — D, 
: a dx dy ji 
| 
7 
8 
A 
| 


where 


Nu,’ = Nusselt number for mass trans- 
fer, analogous to the similar 
dimensionless group for heat 
transfer, 

If it may be assumed that at the 


limiting current C, is reduced to essen- 


tially zero over the entire. electrode, 
(k,), varies inversely as the 14 power 
of x. By integration over the electrode 
the average mass-transfer coetficient 


over height 0 to x can be related to the 
local value at height + by the equation 


ky 4 3(ky (28) 
Wien the concentration of the dif 
fusing ion is not negligible or when 


there may be effects due to simultaneous 
difiusion of other species, the Nusselt 
number as a first approximation may be 
modified to include the film factor anal- 
ogous to the film-pressure factor for 
(9, 23). 


gases For liquid systems this 

gives the results expressed by Equa 

tions (31) to (33) 

Nu’ - (29) 

where 

X, film factor for diffusion of 

species A in a mixture of 
species A, RB, C, D, ete. 

The tilm factor is defined by the re- 

lations 

(Xp, 4/in (30) 
Wy 
wy 
Vala Nyl Bt Vel” 
(31) 

Np, No, etc diffusion rates of 
species 
etc. 

V’,, Vg, Vg, ete partial volumes of 
species A, B, 
etc.,cu.cm. /g.10n. 

1*,C4)lm. = log-mean average 
value over the 
diffusion region, 
i.c., between the 


bulk solution and 
the electrode-so- 
lution interface. 


The preceding relations assume that the 
partial volumes of'the components are 
additive. For the present case of de- 
position of species 4 only from the 
solution, and NX, becomes the 
log-mean volume fraction of 
other than A over the diffusion zone. 
In case of an electrode reaction liberat- 
ing an ion of essentially the same par 
tial volume as that which is deposited 


species 
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and resulting in no net volume change 
during reaction, X, becomes unity. 
Incorporating Equations (28) and 
(29) with the right-hand member of 
(27) gives the general formy of the 
equation for average 
mass-transfer coefficients : 


correlation of 


- 
Nw’ - . 
0.677 (0.952 + Sc)~“(Gr)* 


For liquid systems in which 0.952 is 
negligible compared to Sc, 


Nw’ (33) 


Alternate Theoretical Results 


A solution to the problem of heat 
free convection at vertical 
developed 


Beck 


transfer in 
originally 
Schimidt, 


surfaces was 
through 
mann, and summarized 
in the writings of ten (18) 
Jakob (117). In this treatment the dif 
ferential equations for fluid motion and 
conduction are solved in an approxi 
mate manner, and subsequent literature 
has not always made the limitations of 
the solution clear. In order to evaluate 
the required integrals Pohl 
hausen made use of Beckmann’s result 
for heat transfer to air, and the result 
thus obtained is limited to a fluid of 
Prandtl number similar to that for air, 
that is, about 0.73. By substitution of 
the Schmidt number for the Prandtl 
number the heat-transfer solution 
be made applicable to mass transfer. The 


the work of 
Pohlhausen as 


tosch anc 


one of 


may 


resultit g equation ts 


Nw’ 0.525(ScGr)°* (34) 

A more nearly rigorous solution to the 
heat-transfer problem has recently been 
presented by Ostrach im an excellent 
review of the subject (1/7). The convec 
tion-diffusion equations are developed to 
give differential equations of the form 
used by Pohlhausen. By use of an IBM 


Card Programmed Electronic Caleula 
tor solutions of these differential equa 
tions were obtained for various value- 


of Prandtl number to give useful tabular 
runctions Nusselt numbers 
and temperature and velocity distribu 
easily be obtained. These 
adaptable to the mass 
transfer substitution of 
Schmidt number for Prandtl number 
For the average mass-transfer Nusselt 


trom which 
tions can 
equations are 
problem — by 


number over a plate of height NX, the 
result of Ostrach may be expressed as 


We ms 


Nw’ 


0.943f( Sc) (35) 


where {(Sc) is a function of the Schmidt 
number, tabulated by Ostrach as the 
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re pectively, 


H’(O) of Prandtl number. 


tunction 


Equation (32) gives: 
Vi’ 0.677 (Se)' 
(30) 
(Gr) (0.952 + 


lable 1 compares numerical values ot 
Equations (35) and (36) for various 
Schmidt and 


numbers corresponding 


Table 1.—Comparison of Theoretical 
Equations for Mass Transfer by 
Free Convection 


Calculated value of Nu'/(Gr)‘« 


Schmidt Equation Equation Equation 

number (35) (36) (34) 

0.01 0.0766 0.0648 0.166 

0.733 0.4790 0.5087 0.486 

1 0.5348 0.5727 0.525 

2 0.6757 0.7303 0.625 

10 1.103 1.177 0.934 
100 2.066 2.091 1.66 
1000 3.740 3.806 2.95 


quantities based on Equation (34). 
equations (35) and (36) agree satis- 
factorily for Schmidt numbers from 
0.73 to 1000, the deviation between them 
never exceeding 100%, and they give al 
the range ot 
which usually 


Significant 


results tor 


bers 


most identical 
high Schmidt 
prevails in liquid systems. 
deviation trom these latter two equations 
is obtained with Equation (34); thus 
the effect of the simplification utilized 
by Pohlhausen is illustrated. 

Alternate equation 
general form as Equation (34) but with 
constants of 0.51 and 0.628 
have been presented by 
Levich (/4) and Keulegan (16). Wag- 
ner (20) has developed equations in the 
manner of the boundary-layer method 
pecity ally applicable to the elec trodepo 


nul 


giving the same 


numerical 


sition Ol copper from sulturs acid 
olutions. These equations have been 
discussed in an earlier paper (27) 
Limiting-Current Studies 

An electrolytic bath contaims a ver- 


tical-plane cathode upon which metal is 
being deposited from the corresponding 
metal ions in solution. Ii the anode ts 
made of the metal being plated and there 
are no side reactions, material will be dis- 
olved from the anode at the same rate 
it is ce posited at the cathode; therefore, 
the average composition of the electro- 
lyte will remain unaltered during the 
plating process. 

The general mass-transfer aspects of 
the cathode reaction have been presented 
in the preceding section. For any given 
current flow, a concentration 


difference corresponding to the prevail- 


rate ol 


ing mass-transter coefficient will be de- 
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(32) 


veloped in the steady state between the 
bulk solution and cathode-solution inter- 
face for the species being deposited. If 
the current is increased in successive 
increments in a given cell, the concentra 
tion of metal ions at the cathode will be 
progressively reduced. The limiting 
rate of current flow is that rate which 
will reduce the interfacial concentration 
of the species being deposited sufficiently 
to increase the electrode polarization to 
such a high value that successive reac- 
tions, for example hydrogen evolution, 
will be induced. In the systems used in 
this study the interfacial concentration 
at the limiting current was reduced to 
a negligible value compared to the bulk 
concentration, as evidenced by the 
measured cathodic polarization, The 
limiting current is determined experi 
mentally by measuring the total polariza 
tion of the working electrode with re- 
spect to a suitable reference electrode. 
As the limiting current is approached a 
very slight increase in current will be 
accompanied by a very large increase in 
polarization, giving a marked plateau in 
the current-potential curve. From the 
measured limiting current the mass- 
transfer coefficient is calculated from 
Equation (6). With sufficient excess of 
inert electrolyte the transference number 
of the deposited species may be reduced 
to a negligible value. This general 
technique for determination of miass- 
transfer coefficients has been described 
in detail (27). Lin, Denton, Gaskill and 
Putnam (175) have utilized the method 
in forced-convection studies, 


Apporatus and Materials 


The apparatus consisted of an electrolytic cell 
for deposition of copper from copper sulfate- 
sulfuric acid solutions and for deposition of silver 
from silver perchlorate-perchloric acid solutions. 
Auxiliary equipment was provided for measure- 
ment of total current and cathode potential 
relative to *he bulk solution in the cell. Figure 5 
is a schematic dicgram of the apparatus as 
arranged for copper plating. 

The cell was a rectangular Lucite container 
7.6 cm. wide, 10 em. high, and 10.2 cm. long. 
A plate of the metal being deposited formed 
one end wall and served as anode. The cathodes 
were placed in Lucite mountings in the end wall 
of the cell opposite the anode. These mountings 
permitted use of cathodes of four different 
heights: 0.634 cm., 2.54 cm., 3.75 cm., and 7.6 
cm., and facilitated changing of electrodes for 
repetition of the experiments. All cathodes 
were of width equal to the inner dimension of 
the cell, that is, 7.6 cm. The cathodes were 
insulated with glyptol lacquer so that only the 
side facing the anode conducted current. A con- 
tact screw through the Lucite holder was used to 
complete the electrical circuit. Constant source 
of direct current was provided by storage bat- 
teries. A fresh electrode was used for each 
limiting current determination, each electrode 
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Fig. 5. Cell and circuit diagram. 


having been abrased, polished, and preplated 
by a standard procedure to assure uniformity of 
surface properties. Care wos taken to obtain 
smooth alignment of the cathode surface with 
the vertical cell wall formed by the Lucite holder. 

As reference electrode a rod of the same metal 
as the cathode was immersed in a solution of the 
same composit‘on as the bulk liquid in the cell. 
A capillary located in the corner of the cell at 
the center line of the cathode connected the 
reference electrode to the system. 

Fifteen different solutions of CuSO, ranging in 
molarity from about 0.01M to 0.74M in approxi- 
mately 1.5 molar HeSO, were studied. In an- 
other series of experiments copper was plated 
from solutions containing glycerol in amounts 
ranging from 3.28 to 6.38 moles, liter in approxi- 
mately 1.5 molar H.SO,. A detailed description 
of the copper-deposition studies has been re- 
ported elsewhere (21). 

Seven solutions of AgC!O,, ranging in molarity 
from 0.096 to 1.17 moles in approximately 1.5 
molar HCIO,, were used in the silver-plating ex- 
periments. 


Procedure 


With the electrodes in place the ceil was filled 
with liquid to a depth of 10 cm., completely 
covering the cathode in all cases. Current was 
then passed through the cell and increased by 
small increments at 1-min. intervals until the 
limiting current was obtained and then usually 
increased further to the point of hydrogen evolu- 
tion. From the plateau in the current-potential 
curve the limiting current was evaluated. Tem- 
perature measurements were made during the 


runs for subsequent evaluation of liquid proper- 
ties. 
Results 


Figure 6 is a typical current-potential 
curve indicating a limiting current den- 
sity of 56.5 ma./sq.cm. Similar measure- 
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ments were made on ail systems. Ex- 
perimental data for the silver perchlor- 
ate systems are presented in Table 2. 


CORRELATION OF RESULTS 


Average mass-transfer coefficients 
corresponding to each limiting current 
density were calculated by Equation 
(6). The transference number ior the 
metal ion was assumed to be the arith- 
metic mean of the values for the bulk 
solution and the interfacial concen- 
tration as estimated from ionic mobilities 
at infinite dilution. Since cy was assumed 
negligible compared to c,, the trans- 
ference number was taken as one half 
the value in the bulk solution. In the 
absence of a rigorous theory for trans- 
ference for the present process, this 
procedure seemed justified. Average 
transference numbers thus estimated 
did not exceed 0.03 in the copper systems 
and 0.05 in the silver systems for even 
the most concentrated solutions. 

Migration effects associated with the 
cathode reaction caused a net movement 
of acid toward the electrode so that 
a steady-state condition was obtained 
when the rate of mass transfer of acid 
away from the electrode equaled the rate 
of its inward migration. The resulting 
increase in acid concentration at the 
interface is given by the equation (21): 


Ac, Ac, 


where 


Ac, = increase in acid concentration 
over that in the bulk solution, 
moles /cu.cm. 

Ac, = decrease in metal ion concen- 
tration from that in the bulk 
solution, g. ions /cu.cm. 
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1 
a 
hy 
q 
| ANAND 
ty 
— (Js) 


Limiting 
Current 
Electrode Density 
Run Height AgClO,. YCIOx _ 
No. in. molarity molarity sq.cm. 


la 0.25 0.0964 1.533 11.8 
2a 0.25 0.1938 1.507 28.2 
3a 0.25 0.3390 1.508 58.6 
4a 0.25 0.4848 1.506 93.1 
5o 0.25 0.6745 1.510 140.0 
1b 1.00 0.09647 1.533 8.42 
2b 1.00 0.1928 1.510 19.8 
3b 1.00 0.3392 1.510 39.6 
4b 1.00 0.4833 1.512 59.6 
5b 1.00 0.6750 1.520 97.4 
6b 1.00 0.9402 1.518 147.1 
7b 1.00 1.168 1.516 200.1 
Te 2.955 0.09660 1.535 6.66 
2c 2.955 0.1906 1.515 149 
3c 2.955 0.3394 1.514 28.9 
4c 2.955 0.4725 1.528 49.2 
5c 2.955 0.6645 1.531 72.4 
6c 2.955 0.9382 1.528 118.3 
7c 2.955 1.160 1.511 164.8 


Notes 


1 based on Equation (37). 


2 


for 1.5 M HCIO, = 1.04 X 10°. 


Table 2.—Experimental Data and Results for Deposition of Silver from AgC10, HC10, Solutions 


Average 

Mass Diffusion 

Transfer Average Coefficient 
Coefficient Average Density  sq.cm. Ac. 
cm./sec. Temp. Viscosity | 9 _ sec. mole/ 
x 10° °C. centipoise cu.cm. 10° liter’** 


1.26 247 0.862 1.092 2.03 
1.50 25.3 0.826 1.099 2.04 
1.76 24.2 0.844 1.113 1.95 
1.95 24.8 0.828 1.126 1.95 
2.09 23.6 0.844 1.145 1.84 
0.900 247 0.842 1.092 2.03 
1.05 24.5 0.843 1.100 2.00 
1.19 24.4 0.840 1.113 2.00 
1.25 25.0 0.825 1,126 1.95 
1.45 24.4 0.830 1.145 1.86 
1.56 26.2 0.797 1.169 1.87 
1.70 249 0.816 1.189 1.77 
0.711 24.6 0.843 1.092 2.02 
0.804 243 0.846 1.100 1.98 
0.870 24.4 0.840 1.113 1.96 
1.06 25.4 0.818 1.126 1.97 
1.10 24.8 0.823 1,144 1.89 
1.26 26.2 0.796 1.169 1.89 
1.41 26.0 0.799 1.188 1.83 


0.055 

0.1101 
0.1913 
0.2717 
0.3743 
0.0590 
0.1095 
0.1911 
0.2702 
0.3717 
0.5112 
0.6306 
0.0551 
0.1081 
0.1912 
0.2647 
0.3670 
0.5132 
0.6282 


0.0115 39.5 416 
0.0238 46.6 406 
0.0423 57.6 434 
0.0605 63.5 426 
0.0825 72.0 458 
0.0113 112.0 416 
0.0237 134.2 423 
0.0424 154.6 430 
0.0604 162.6 423 
0.0827 198.3 446 
0.1133 211.2 425 
0.1400 243.2 461 
0.0116 264.3 417 
0.0234 305.2 428 
0.0424 333.9 430 
0.0591 403.1 415 
0.0814 4347 435 
0.1129 498.7 421 
0.1390 577.2 437 


3 Transference numbers of H* varied from 0.80 to 0.83. 


Gr 
x 10° 


0.0374 
0.0795 
0.1340 
0.1966 
0.2538 
2.344 
4.870 
8.658 
12.642 
16.83 
24.51 
28.39 
61.78 
123.4 
223.5 
324.8 
435.4 
631.0 
759.8 


= average diffusion coefficient of 
the acid over the mass trans- 
fer film, sq.cm./sec. 

= average diffusion coefficient of 

the salt, sq.cm./sec. 


t,,? = average transference number of 
the metal ion being deposited 
ty = average transference number 


of the hydrogen ion. 


:ifective diffusion coefficients for the 
metal assumed to be those 
fer the corresponding salt formed from 
the present. Anions and 
hydrogen ion were assumed to diffuse 
as the corresponding acid since these 
were the predominant species. Diffusion 
jor sulfuric acid in water 
were based on the data of James, Hol- 
lingshead, and Gordon (12 and 8) and 
Thovert (JU and 13), and values for 
copper sulfate in sulfuric acid were 
based on experiments of Gordon, et al. 
(12). Diffusion coefficients required for 
the silver perchlorate systems were meas- 
ured in a diaphragm cell (4). These 
available diffusion data were corrected 


ions were 


single anion 


coethcients 


for the viscosities and temperatures pre- 
vailing in the runs by assuming the 
group Dyu/T to be a function of ionic 
strength. 
Viscosities were measured for all 
solutions with an Ostwalt viscosimeter 
over the range of composition and tem- 
perature of interest. Densities were 
measured over the necessary range of 
compositions and temperatures with a 
special pycnometer of large volume. 
Based on a values for each species de- 
termined as a function of concentration 
and temperature as defined in Equation 
(11), densities of all solutions and den- 
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Fig. 6. Typical current potential curve. 


sity differences between the bulk solu- 
tion and the electrode were calculated 
for all experiments. 

By the use of mass-transfer coefh- 
cients and property values determined 
as discussed Nusselt, Schmidt, 
and Grashof numbers were calculated 
for each experiment. Table 2 
these results for the silver perchlorate 
runs. Plots of the Nusselt number 


above, 


gives 


versus 
product 


tems. 
these 
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the 
for 


the various 


believed that 


systems 


It is 
two 


Schmidt-Grashof 
systems 
shown in Figures 7, 8, and 9. The lines 
through the data points were placed by 
calculating the average numerical con- 
stant in Equation (33) for all of the 
copper systems and for the silver sys- 
results 
agreement 
within limitations imposed by experi- 


are in 


number 
are 


ior 
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pe 0% 
cu.cm. Nu’ Sc 


mental error and uncertainties in physi- 
cal data 


NATURAL CONVECTION 
Dissolution of Organic Solids 500r- Cu SO, - HoSO4 SYSTEM 


This section will describe experiments "ee 
made in the dissolution ot benzoic and rt in. ELECTRODE 


salicylic acids under  free-convection 


conditions. The solids were cast into 300fr- 1 in, 4 
the form of smooth vertical plates and i+ in. " 
| 2 

immersed in distilled. water. From ob ’ 

3 in 

servation of the rate of weight loss as 200 


the solid passed into solution, miass- 
transter coethcients were calculated 


Materials and Apparatus 


The melting points of benzoic and salicylic 
acid were found to agree satisfactorily with the 100 
manufacturers’ specifications and with accepted 


values in the literdture. To simulate the physical 


arrangement used in the electrolysis experiments 7OF t 
the melted acids were poured into molds to form 
a rectangular shape which would dissolve from 


—Ny'= 0.673 (Sc-Gr) 


+ T 


one side only. The molds were aluminum plates 50 T 


into which were milled depressions of about 
‘e-in. depth to hold the solid. The plates were 
of sufficient size to be readily immersed in liquid 
and supported in a vertical position. The cast- 30 
ings thus made presented surfaces of solid acid 
approximately 3 in. in width and of the following 
range of heights: 1 in., 2 in., 3 in. and 52 in. 


The 1-, 2- and 3-in. plates were arranged at one 20 ; 

end of the Lucite cell, which had been used 6 ? 8 9 10 " l2 
previously for electrolysis studies. The 5'2-in. LOG (Sc-Gr) 

plates were placed in a large glass jar. Figures 

00 and 19 chow typles! molds containing the Fig. 7. Correlation of data for copper deposition. 


solids and the arrangement of the molds in their 
containers. 


The runs were conducted in an air bath main- 
tained at approximately 25° C. To avoid vibra- 


tion from mechanical stirring, free-convection NATURAL CONVECTION 
circulation was established in the bath by means 7060 L~ Cu SO, - H2SOq GLYCEROL SOLUTIONS - 


of water-cooled coils at the top and electrical 


heaters at the bottom. Temperature was meas- | | 


ured with a thermometer placed in the bath at 500 + | \ i | + 
approximately the same elevation as the dissolv- 


ing solids © 3.28 MOLAR GLYCEROL SOLUTIONS 


4636 ° 
The plates of solid were prepared as follows. | | 
Molten acid was poured slowly into a polished, 
cleaned, and preheated mold and the system al- 
lowed to cool slowly in a hood. A stainless steel 200 | t | 
plate heated to slightly above the melting point 


0.711 (Se- Gr) 4 


off any protruding material. Final smoothing Nu 


Procedure 


of the solid was passed over the mold to smooth 


was done with a sharp razor blade until the 
solid was exactly flush with the surface of the 
mold and excess solid around the edges had 100 }- t 
been removed. The molds were finally rinsed 
with distilled water and dried in a desiccator. } 


Containers for the molds filled with distilled 70}- — 
water were placed in the air bath and allowed 


to attain the prevailing constant temperature. | | | 


The finished plates at approximately the same 50 
temperature as the air bath were weighed and 6 7 8 9 10 i 12 
placed carefully in their respective containers LOG (Sc- Gr) 


Fig. 8. Copper deposition from glycerol solutions. 


with the surface of the cast solid completely 
immersed in water. Air bubbles which occasion- 
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Nu = 0.657 (Sc- Gr) 4 
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LOG (Sc: Gr) 


10 


Fig. 9. Correlation of data for silver deposition. Fig. 


ally adhered to the surface were gently re- 
moved with a glass rod. The plates were left in 
the apparatus for periods ranging from 3 to 
12 hr. These time intervals were sufficiently long 
to dissolve an easily weighable quantity of 
material and also to make negligible the effects 
of initial disturbance of the liquid as the plates 
were immersed. The previous electrochemical 
that 


conditions were reached in 1 or 2 min. in free 


studies indicated essentially steady-state 
convection at electrodes, and it seemed reason- 
able therefore to assume that time for attain- 
ment of steady state in the present systems was 
negligible compared to the durotion of the runs. 
At the conclusion of the run the plates were 
dried in a 


removed, wiped free of water, 


desiccator, and weighed 


Results 


Essential experimental data are sum- 
Fables 3 and 4. 
dissolution 


marized in 
Average 

calculated 

experiment 


were 
the 


weight of 


rates of 
from the total 
and the total 
solid which had passed into solution 


time of 


Since the volume of liquid was insut 


ficient to maintain a completely neg 
ligible concentration of acid in the bulk 
fluid 


pute an 


region, it was 


necessary to com 
ditfer 


ence on which to base the mass-transfe1 


average concentration 
coefficient as defined by Equation (5 

This was done by assuming the dis 
solved solid to be uniformly distributed 
the fluid and 
based on 
at the beginning and end of the run 


using a log 


throughout 


mean average concentrations 
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not lead to 
the mass-transier co 
since the final 
of acid in the bulk 
various runs ranged from 5°; to 15¢ 
of the 


and the 


This could 


serious 


assumption 
error in 
efficients concentration 
solution tor the 
concentration at the interface 


log-mean average concentra 


general only 
h would 
had 
no increase in acid concentration of the 


bulk The ma 


eflicient thus calculated from the 


tion difference was in 


lower than that whi 


if there 


about 5¢ « 


have been obtained heen 


solution. transfer co 
was 


equations: 


Vp 


Ac), 


average rate of acid dissolu 
tion per unit area of expo ed 
g.mole 


surface, q.cm. (sec. ) 


liog-mean average concentration 


difference for mass transfer 
g¢.mole /cu.cm. 

concentration of acid at the i 

Olubility at the 

prevailing temp 


teriace, 1.¢ 
rature 
“id concentration 
quid at start of 
the pres« 


run, 


concentration 
quid at end of run 
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11. Apparatus for 


dissolution of solids 


concentrations, and vi 


the 


the 


Densities 


cosithe ol iturated olu ons of 


mea ured, and 


results ; ipplied to cach run are 
lables 3 and 4 
cocthcrents 
diffusion of 
salicylic acids into pure water in a dia 


cell (4). 


concentration variations 


sun 

marized 
Dittusion 

mined for 


were deter 


benzoic and 


phragm Temperature and 


were estimated 


on the assumption that Du/T for each 


ubstance was a constant over the mall 


ranges of concentration and 


ture involved im the 


the 


tempera 
tudes (22) 
outlined 
(arashot 


each 


variou ibove. 
l roups 
experiment, 
lables 3 and 
Best line 
r-log plot \ere 

ita corresponding 

om | 
ind for 


jliation 
benzoic 


pective 


Conclusions 


\ll the data for the variou 


grouped together to 


\e CCT) 


general correlation shown in 
hve through the 
ponds to an over-all average 


tor 


con 
quation 33 ol the 
taken 


the five cor 


system imply as the aver 


tant for the 


\ Thi procedure 


considered preter ible te 


pl if 


iverage lined base on consideration of 
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Table 3.—Data for Dissolution of Benzoic 


Acid con- 
Saturated centration 
solution ot end 
concentration of run Time 


g- _mole g-_mole_ of run ki X 10", 
liter liter sec. X 10° cm./sec. Nu’ Gr X 10° 


0.02766 0.00410 24.02 0.253 68.7 0.1296 
0.02777 0.00340 23.29 0.255 68.7 0.1343 
0.02754 0.00400 23.11 0.257 69.7 0.1289 
0.02788 0.00399 0.249 66.9 0.1347 
0.02750 0.00250 . 0.266 72.2 0.1320 
0.02746 0.00222 . 0.263 71.6 0.1319 
0.02742 0.00273 . 0.256 69.8 0.1300 
0.02746 0.00285 . 0.256 69.5 0.1302 
0.02754 0.00642 v 0.244 132.4 1.031 
0.02758 0.00395 J 0.216 117.2 0.9847 
0.02770 0.00398 . 0.233 125.7 1.043 
0.02770 0.00354 d 0.233 125.6 1.054 
0.02738 0.00311 . 0.222 120.9 1.026 
0.02762 0.00733 , 0.195 158.7 3.276 
0.02746 0.00687 , 0.199 162.3 3.230 
0.02742 0.00170 d 0.196 160.3 3.554 
0.02775 0.00166 t 0.207 167.3 3.712 
0.02750 0.00165 . 0.204 166.3 3.639 
0.02775 0.00130 A 0.196 159.1 3.756 
0.02734 0.00229 , 0.191 156.5 3.480 
0.02734 0.00194 y 0.190 156.7 3.518 
0.02736 0.00449 . 0.175 262.5 20.89 
0.02750 0.00458 . 0.172 256.9 21.23 
0.02786 0.00347 ! 0.174 258.4 22.69 
0.02775 0.00196 A 0.172 255.3 23.04 


1 Properties of Saturated Solution at 25° C.: a = 25.0 cu.cm./g.mole, « = 0.894 centipoise, D = 0.935 sq.cm./sec. 
* Plate widths as follows: Series a, 2.74 in.; Series b, 2.756 in.; Series c, 2.744 in.; Series d, 3.003 in. 


Table 4.—Data for Dissolution of Salicylic Acid 


Acid con- 
Saturated centration 
solution at end 
concentration of run 
g. mole g. mole 


liter liter x ./ $e. Nu’ Gr X 10° 


0.01630 0.00206 . ‘ 59.0 0.1246 
0.01630 0.00194 58.4 0.1251 
0.01618 0.00181 60.1 0.1237 
0.01652 0.00172 61.1 0.1299 
0.01641 0.00159 58.8 0.1285 
0.01626 0.00142 61.9 0.1265 
0.01637 0.00276 \ : 104.4 0.9877 
0.01645 0.00276 104.3 0.9944 
0.01637 0.00253 102.9 0.9953 
0.01637 0.00221 101.5 1.006 
0.01660 0.00227 101.5 1.031 
0.01630 0.00187 A . 107.6 1,003 
0.01637 0.00172 105.7 1.022 
0.01668 0.00106 : ‘ 137. 3.620 
0.01641 0.00095 A b 135.4 3.620 
0.01637 0.00086 A 136.4 3.516 
0.01637 0.00167 . 0.178 226.2 21.42 
0.01633 0.00165 . 0.172 219.7 21.26 
0.01641 0.00157 . 0.173 2.0.5 21.53 
0.01660 0.00186 , 0.169 213.2 21.87 
0.01649 0.00162 P 0.170 215.4 21.72 


* Properties of Saturated Solution at 25° C.: a = 40.5 cu.cm./g.mole, « == 0.788 centipoises, D = 1.09 sq.cm./sec. 
* Plate widths as follows: Series a, 2.74 inches; Series b, 2.756 inches; Series c, 2.744 inches; Series d, 3.003 inches. 
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Acid’ 
Plate 
Run Temp. height 
No. Se inches 
ee 5a 25.25 959 1.000 
8a 25.38 942 1.000 
Phd 9a 25.10 954 1.000 
ye 10a 25.50 937 1.000 
12a 25.05 956 1.000 
130 25.00 959 1.000 
l4a 24.95 961 1.000 
oS 15a 25.00 959 1.000 
7 1b 25.10 954 2.000 
ase 3b 25.15 952 2.000 
5b 25.30 945 2.000 
6b 25.30 945 2.000 
7b 24 9 963 2 ane 
3c 25.20 950 
Tas Ac 25.00 960 3.003 
6c 24.95 961 3.003 
cei, 8c 25.35 943 3.003 
9 25.05 956 3.603 
10¢ 25.35 943 3.093 
Ve 24.85 953 3.603 
12¢ 24.85 965 3.003 
iB) Id 24.88 963 5.500 
ey 2d 25.05 956 5.500 
io 3d 24.45 939 5.500 
ts 4d 25.35 944 5.500 
we R Temp. of run ki X 10°, height i 
la 25.05 815.0 1.000 
3a 24.90 
ée 25.00 818.2 1.000 
Ib 25.15 811.0 2.000 
2b 25.25 807.1 2.000 
3b 25.15 811.0 2.000 
; 4b 25.15 811.0 2.000 
; 5b 25.45 800.0 2.000 
6b 25.05 
7b 25.15 
5c 25.20 
eh 6c 25.15 811.0 3.003 
gt id 25.15 811.0 5.500 
oy 2d 25.10 813.4 5.500 
i 3d 25.20 809.4 5.500 
4d 25.45 800.0 5.500 
( 5d 25.30 805.4 5.500 
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all the data points weighted equally, 
since any systematic error associated 
with one of the systems, such as a 


if 


SALICYLIC ACIO 


diffusion constant, would otherwise ° of PLATE 
influence the final correlation in pro- 300f- 4 2 PLATE 
portion to the number of runs made. x 3 PLATE 
Within limitations of experimental a 55 PLATE 
error in determination of the mass- | 
transfer coefficients and physicial data iz 


entering into the correlation, Equations 


(32) or (35) appear to give satisfac- Nu 
tory agreement with the data, the more 
simple Equation (33) being adequate 
for systems of high Schmidt number 

Constants for the various individual 
systems and the range of property 70 
values covered are listed in Table 5. 


Due caution should be observed if the 


100 


‘ Yq 
Nu = 0.603(Sc-Gr) 


correlation is extended to systems of 8 9 10 i 
widely different physical properties, LOG (Sc- Gr) 
alt g sults believ 
il hough the results are believed to be Fig. 12. Dissolution of salicylic ocid. 
general for conditions of laminar flow 


within the boundary layer. 


The close agreement between results 
for electrolysis and for solid dissolu- 500 
tion is an encouraging indication of the BENZOIC ACID 
general validity of the theory and o |!" PLATE 
method of correlation. It mav also be 
concluded that within the range of dis- 300 
solution rates covered herein, the as- 
sumption of interfacial equilibrium is 
not significantly in error for the or- 200 
ganic acids involved. Thus it would 


appear that there is no appreciable re- 


sistance to mass transfer in these Nu | 
systems other than that resulting from 
hydrodynamic and diffusional consider 
ations. "4 
Nu = 0.673 (Sc-Gr) 

Assistance of Richard Stein, Julian | L | 
Schamus, and Lawrence Wolf is grate- 50 
fully acknowledged. This study was 8 9 10 " 
conducted under sponsorshjp of the LOG (Sc-Gr) 


Office of Naval Research 


Fig. 13. Dissolution of benzoic acid. 


Table 5.—Summary of Range of Experimental Variables and Results 


System 
Range of Experimental AgClO, in CuSO, in CuSO, in H.SO, 
Variables and Results HCIO, Benzoic Acid Salicylic Acid H.SO, (glycerol) 


0.25-3.0 1-5.5 15.5 0.25 0.25. 3.00 
Concentration differences, C Ci g-mole, |. 0.09-1.17 0.024-0.027 0.015-0.017 0.011 0.79 0.37.-0.57 
Average density, g. cc. 1.09.-1.19 0.997 0.997 1.09-1.14 1.18-1.20 
Viscosity, g./ (sec.)(cm.) 0.80. 0.86 0.88 0.90 0.88 -0.89 1.17-1.70 42-106 
Diffusion coefficient, sq.cm./sec. X 10° ..... 1.77-2.03 0.93-0.95 1.09-1.11 0.44 0.65 0.11-0.27 
Mass-transfer coefficient cm./sec. X 10° .... 0.80-1.95 0.17-0.27 0.17-0.27 0.18 0.77 0.065.0.32 
Nusselt number ; a 39-577 67 263 58-226 42 563 74 481 
Grashof number 10° ... 0.037760 0.129 23.0 0.124 21.9 0.0068 235 0.0014-21.3 
Schmidt number ............ ' Me 406 446 937.965 796 821 1662-3370 13,300 83,000 


Average constant in Equation (33) . 0.657 0.673 0.603 0.673 0.711 
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Notation 


c 


° 

Vv 
4 


Cu SO, - Ho SO, 


SALICYLIC ACID 
BENZOIC ACID 
Ag ClO, 


= 


! 
0.66 (Sc-Gr)* 


8 


LOG ( Sc-Gr) 


ig. 14. General correlation for free convection. 


boundary loyer thickness, cm. 


concentration, g. ions or g. mole cu. 
cm. 


constant 
diffusion coefficient, sq.cm. /sec. 


the Faraday, covlombs/g.-equivalent, 

also used to designate force 
acceleration of gravity, cm./sq.sec. 
Grashof number 


current density, ma/sq.cm. 


> moss-transfer coefficient, cm. sec. 


valence charge of an ion 


rate of convection, g. ions or g. mole/ 


(sq.cm.)(sec.) 


= rate of diffusion, g. ions or g. mole/ 
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$q.cm.(sec.) 
rate of mass transfer by free convec- 
tion 


rate of migration 


total rate of transfer 
Nusselt number for mass transfer, 
ky X ox 
D 
Schmidt number, 
pD 


transference number 


= velocity in x direction, cm./sec. 


velocity in y direction, cm./sec. or 
molal volume, cu.cm./g. mole 

distance in the vertical direction, cm., 
or electrode height 


: film factor for mass transfer 


distance in direction of mass transfer, 
cm. 


specific densification coefficient 
viscosity, g./(cm.)(sec.) 
fluid density, g./cu.cm. 


d by Equation (31) 


dah 
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Subscripts: 


A, B, C, denoting various species 


i denoting interfacial condition 
o denoting condition in bulk solution 
Im denoting log-mean average 


x denoting local value at point x 
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COMMERCIAL PRODUCTS: Sheet and plate— Vessel Code. FORMABILITY: This alloy is soft, ductile, - 
pi nd easily formed. It can 
Cuttings wi e  strin 

APPLICATIONS AND RE- A.S.T.M. Designation: A.S.T.M. Specifications: Use high nd 
MARKS: Alloy BDIS, be- 996A B178, B274 chine speeds and high 
cause of its high purity rake angle. 
offers slightly better resist- Mechanical Properties, Typical: Temper Designation 
ance to corrosion than other oO Hi4 HI8 HEAT-TREATMENT: BDIS is a 
more common aluminum Tensile strength, lb. sq.in 10,000 14,000 19,000 nonheat-treatable wrought 
alloys. It is used exten- Ib sq — alloy. The strength is in- 
sively in the manufacture, 7,000 9,000 11,000 creased by cold working. 
handling, storage and ship- Brinell hardness—500 kg load, 10 mm. ball 19 26 35 
ment of hydrogen peroxide WELDABILITY: All the com- 
because it does not catalyze Physical Properties mon methods can be used 
the decomposition of this Modulus of elasticity, Ib. /sq.in 9,800,000 to weld alloy BDIS. Inert 
chemical. Other applica- Specific gravity 2.70 gas shielded arc welding is 
tions are made in the brew- Ib. cu preferred where flux re 
ery and dairy industries Thermal moval would be trouble 
and for handling fuming B.t.u./¢hr.) (sq.ft.) F./in.) 1568 1539 (—HI18) some. Filler rods of simi- 
nitric acids. The availa- Average coefficient of thermal expansion lar composition should be 
bility of aluminum alloys —in./* F. x 10 used. Weld areos are not 
with superior mechanical considered subject to selec- 
properties limits the use of 68° 392° 13.6 tive attack, nor is stress 
this alloy in the process 68° 572° 14.2 relieving necessary. 


ACIDS 
Acetic, all concs., r.t.* 
Acetic, other than glacial, ‘botling 
Acetic glacial, boiling® .. 
Acetic anhydride, r.t.* 
Acrylic, glacial, r.t.© ... 
Benzoic, sat. scln. boiling® ....... 
Boric, 7% soln. 160° F.* 


all concs., 
‘anhydride, 


Butyric 
But yric 


Carbolic (phenol), all concs., ‘to 
240° F.* 

Carbonic, all concs., 

Chromic, below 10%, r.t. 

Citric, 50%, to 200° F.* 

Cresylic (Cresol), r.t. eer 

Fatty, up to boiling * 


Hydrochloric, all concs. 


Hydrocyanic, all concs., r.t.* 
Hydrofluoric anhydrous, 200° F.* 
Hydrofluoric solutions ...... 
Lactic, anhydrous, rt.* .. 

Lactic, up to 10%, r.t.® 

Maleic, 30%, rt 
Maleic anhydride, molten *.. 
Naphthenic, up to 160° F.* 
Nitric, above 62%, to 129° F. . 
Nitric, below 62%, r.t 

Nitric, red fuming, up to 120° F . 
Oleic, up to boiling * 

Oxalic, all cones., r.t 

Oxalic, all concs., elevated | 
Phosphoric, all concs a 
Phthalic, molten 

Phthalic anhydride, molten * 
Propionic, all cones., r.t.* .. 
Propionic, anhydride, r.t.*.. 
Stearic, up to boiling® .. 


fuming 


Sulfuric, 
other than fuming . 


Sulfuric, 


Sulfurous, r.t eee 
Tannic, all concs., pure, rt. 
Tartaric, all concs., r.t........ 


ALKALIES 


Ammonium hydroxide, comm'1., 
Calcium hydroxide, all concs. 
Potassium hydroxide, all concs. 

Sodium hydroxide, all concs. .... 


r.t.* 


ALKALINE SALTS 


Potassium carbonate, all concs... 
Sodium bicarbonate, r.t.* 
Sodium carbonate, all concs. 
Sodium sulfide 


RATINGS: 


E—Freellent resistance. 0404 mar 
year of penetration 


slight as to be harmless 
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WROUGHT ALLOY BDIS or 99.6 ALUMINUM 


om 


- 


0) 


in./ 
Corrosion #0 


This 
1952 


industries. 
8 of the 


alloy is included 
A.S.M.E. Boiler 


NEUTRAL SALTS 


Calcium chloride, all concs., to 
200° F ° 
Calcium sulfate, sat. soln, rt*® 
Calcium sulfide, all cones., rt.* .. 
Magnesium chloride, all concs., rt. 
Magnesium sulfate, to 50°) soln. rt 
Potassium chloride, all concs., r.t. 


Potassium nitrate, all cones. rt.. 
Potassium sulfate, all cones., rt. 
Sodium chloride, all concs., rt.*. 
Sodium nitrate, all cones., r.t.*.... 
Sodium sulfate, all concs., r.t.*.... 
ACID SALTS 
Alum, paper makers, r.t se 
Aluminum chioride, dry, 70° F.. 
Aluminum chloride, moist 
Aluminum sulfate, r.t.* eevee 
Aluminum chloride, all cones., r.t.* 
Ammonium nitrate, all concs., to 
285 
Ammonium sulfate, all concs., rt.* 
Copper chloride, nitrate, sulfate. . 
Ferric chloride, nitrate, sulfate 
Lead chloride, nitrate, sulfate 
Mercury salts 
Nickel chloride, nitrate, sulfate 
Silver salts ee 
Stannous and stannic salts 


Zine 
GASES 


Acetylene, dry * 
Air, wet or dry, 
Ammonia, dry 


chloride 


hot or cold® ... 


ALUMINUM ALLOY REFERENCE SHEET 


HARRY W. FRITTS Aluminum Company of America, New Kensington, Pa. 


in section 
and Pressure 


CORROSION RESISTANCE 


Carbon dioxide, wet or dry, hot 
Chlorine, wet or elevated temps 
Freons * 
Hydrogen sulfide, wet or dry, hot 
or cot 
Nitrogen, wet or dry, hot or cold * 


Oxygen, wet or dry 
Sulfur, dioxide, dry 
Sulfur, dioxide, wet 


ORGANIC MATERIALS 
Ace‘one, rt.* 
Alcohols, methyl, 


hot or cold * 


ethyl, etc., pure, 


to 212° ae 


rt 

Aniline, all concs 
Benzaldehyde, rt 
Benzene, to 
Carbon disulfide, to boiling ® 
Carbon tetrachloride, dry, 
Chloroform, dry, rt 

Ethyl acetate, pure, r.t. 


G 


Good resistance 
of penetration 


0.004,-0.042 in./year 
Satisfactory aerv- 
ice erpected; at most a slight etch 
F—Fair_ resistance 00420120 in of 
penetration/year. Satisfactory sere 


Light 


ice under apecine con 
to moderate attack 


lifione 
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COMPOSITION: 99.6% Al minimum. 


Formaldehyde® ........ ° Gr 
Furfural, rt.* 
Gasoline, to boiling * 
Glycerine, to boiling * 
Cc Glycols, ethylene and propylene, 
r.t.® E 
G Mercaptans, amyl, rt.* 
Methy! ethyl ketone * & 
E. Oils, crude, essential, refined 
vegevable & 
Oils, sour crude 
Trichloroethylene, dry, r.t.*%.. 
PICKLING OPERATIONS 
Acetic acid (Mag. Products)*® E 
Sulfuric plus dichromate 
c Sulfuric plus hydrochloric ....... N 
> 
E FOOD INDUSTRY 
Gr Brines, inhibited * E 
Edible oils and fats * & 
E Fatty acids cose E 
Fruits and fruit juices ® ......... G 
Vexetables * eee G 
od Milk products * E 
Pe Beer*® .. E 
PAPER MILL APPUCATIONS 
ps Kraft liquor coo 
Black liquor N 
White liquor Fe 
r Sulfite liquor P 
E Chloride bleach solution P 
Chloride bleach vapors G 
E Hydrogen peroxide (above 30%)® 
N Paper makers alum * o° E 
Humid and chemical atmospheres ® E 
N PHOTOGRAPHIC INDUSTRY 
Humid atmospheres E 
Cellulose acetates os E 
Acetic anhydride * E 
E Developers ee P 
Silver nitrate cee P+ 
Solutions containing SOs 
FERTILIZER INDUSTRY 
Ammonia, anhydrous ‘ 
ammonium nitrates E 
E rea 
G 
E * Aluminum alloys used commercially 
* Subject to pitting type corrosion 
E Must have trace of moisture present at boiling 
E temperature 
FE *May be inhibited with sodium chromate 


Poor resistance 
penetration 


O1200.520 in of 

Satisfactory for 
temporary aervice only 

N Alumine ot recommended 
attack high 


Room 


year 


mn 


Rate of 


Yo. 28 
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|" any realistic discussion of creativity 
on the part of scientists, certain basic 
assumptions must be made; for example, 
that a scientist is capable of logical and 
reflective thinking, and further, that a 
research scientist is willing to work and 


slave and follew through. This latter 
step involves painstaking details and 
even drudgery, but it is a prerequisite 
for the fruition of creative ideas. 

It is the author’s conviction that crea 
tive abilities are not primarily a gift of 
the gods, but rather are the fruits of 
opportunity, stimulation, and growth. 
Much creative potential never emerges, 
a condition caused by faulty educational 
methods in early life and subsequently 
furthered by the demands of the work 
a-day world, which is primarily con- 
cerned with the practical use of ability 
rather than the development of potential 
ability. Apposite to this point, H. G. 
Wells (3) once said: 


England alone in the last three centuries must 
have produced scores of Newtons who never 
learned to read, hundreds of Darwins, Daltons, 
Bacons, and Huxleys, who died in stunted hovels, 
or never got a chance to prove their quality. 
All the world over there must have been myriads 
of potential first-class 


investigators, splendid 


artists, creative minds, who never caught a gleam 
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of inspiration or opportunity for every one of 
that kind, who has left his mark upon the world. 


The tragedy of this loss of creative 
power which has resulted from neglect 
is felt keenly, but even more keenly felt 
is the disappointment with those people 
who fail to use or release their creative 
power and special talents, especially 
when they find themselves in an environ- 
ment which depends upon creative 
ability for its survival. 


What Is Creati»ity? 


In the usual sense of the word, 
tivity or creativeness means the bring- 
ing into being, the producing, the fash- 
ioning, the inventing, or the originating. 
work or creative thinking 
ranges from a simple recombination of 
old ideas or known facts into new ways, 
to the pioneering and exploring for 
landmarks and direction in unchartered 
fields. 

Creative thinking involves the fol- 
lowing: (1) preparation—looking at all 
aspects of a problem; (2) incubation— 
assimilation of ideas; (3) illumination 
—happy ideas or a sudden insight, and 
(4) veritication—testing the validity of 
the idea. 

Creative thinking is closely akin to 
what psychologists formerly called crea- 


crea 


Creative 
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tive imagination. A aumber of instances 
can be cited where a (lream or a coma- 
tose condition was responsible for a 
piece of creative work, such as is claimed 
for Coleridge’s “The Rime of the An 
cient Mariner” or “Kubla Khan.” It is 
well known that mathematical problems, 
research difficulties and many other 
problems are often solved by subcon- 
scious activity, a sudden flash of insight, 
or when no conscious or active effort is 
apparent. The best opinion seems to be 
that, at such times, inhibitions fall away 
so that insight has a better chance to 
emerge. 

These facts should not lead to the con 
clusion that genius or brilliant work all 
comes by flashes or in our dreams. It 
has been said that Anatole France 
Flaubert expressed their 
ideas as follows: 


und 


truggle with 


1. | write with difficulty . 
nation but | am not without patience . 


. | have no imagi- 
. you 
become a good writer just as you become a 
good joiner: by planing down your sentences. 
2. See the years | struggle to perfect just one 
novel, while you are pouring ovt a dozen! Why, 
1 sit sometimes for hours at the table, without 
a word, just trying to chisel out one little phrase. 


Edison, a great creative genius, has 
said: 
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Charles D. Flory, the 
author of the accom- 
panying article, is a 

Ph.D. from the Univer- 

sity of Chicago. He 

has had fifteen years’ 

Charles D. Flory teaching experience in 
the field of psychology 
ten 


served as a psycholog- 


Rohrer, Hibler & Replogle, New York and for yeors 
ical consultant to man- 
agement. For the past 
eight years Dr. Flory has been a partner in the 
firm of Rohrer, Hibler & Replogle in charge of 


the New York office. In this paper Dr. Flory ex- 


plains how creativity con be stimulated. 


DEVELOPING AND USING 
OUR CREATIVE ABILITIES: 


When it comes to problems of a mechanical 
nature, | want to tell you that all | have ever 
tackled and solved have been done by hard, 
logical thinking. | speak without exaggeration 
when | say that | have constructed three thou- 
sand different theories in connection with the 
electric light, yet in two cases only, did my 
experiments prove the truth of my theory. 


One of Edison’s on the 
other hand, who had worked for more 
than a year to develop a wax for phono 
graph cylinders, reported “then the solu 
tion came like a flash of lightning—not 
the Edison way. Pm 

Though the literature offers little 
elucidation on the meaning of creative 
thinking, it abounds with evidence on 
the nature of reflective thinking. 

It is generally agreed that reflective 
thinking involves: (1) a felt difficulty; 
(2) observation and fact-gathering; (3) 
constructing and testing hypotheses, and 
(4) drawing conclusions and generaliza- 
tions. 


associates, 


differences between reflective and crea- 
tive thinking, stresses the following: 


Fletcher’s analysis (Ja), showing the 


1. Reflective thinking can be carried on at super- 
ficial levels—the juggling of facts, tables, and 
formulae; while creativity once started cannot be 
stopped by the clock; it has a dynamic quality. 
2 Reflective thinking deals with the techniques 
of thoyght, but creativity deals with the con- 
tent of thought. 
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3. Reflection can toke place irrespective of mood, 
but creativity is inseparably tied to mood and 
sometimes even to place. 

4. Reflection is focal and directed to a definite 
point, whereas creative effort is often marginal 
ond vogue. 

5. Reflection can be directed voluntarily, but 


creativity is more spont and aut ti 


6. Reflection is often toilsome with the goal be- 
yond the act, but real creativity is absorbing and 
interesting in itself. 

7. Reflection is cognitive—thus one may argue 
on either side of a question, but creative think- 
ing is effected by deep feelings. urges and 
attitudes. 


8. Reflection can be scheduled and rouvtinized, 
but creativity can be neither started nor stopped 
by a bell. 


9. Reflective thinking is normative and conform- 
ing, and creativity requires freedom and is often 


unconventional. 


10. Reflection deteriorates slowly by neglect; 
creativity is lost rapidly and easily destroyed 


by misuse or neglect. 


In a similar vein, A. H. Maslow, in 
an article titled “Problem-Centering vs. 
Means-Centering in Science” (2) makes 
bear 


some observations which upon 
creativity. The creative scientist is pri- 
marily problem centered, but the tech- 
nician is usually means-centered. The 
latter is concerned with polish, appara- 
tus, buildings, titles, and prestige sym- 
bols, and the former is concerned with 
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meaning fulness, vitality, and the signifi- 
cance ot problems in general—in short, 
with creativity. 

Technicians tend to be apparatus men 
and methodologists, and creative work- 
question-askers and protdem- 
The first are concerned primar 
ily with how a problem should be solved, 
but the latter want to what 
problems should be solved. tech- 
nician becomes with 
quantitative facts and the way in which 


xpressed ; 


ers are 
solvers 


know 
The 
overconcerned 
they are the creative scien- 
tist is interested in results and valuable 
contributions 
interest 1s 


The man whose primary 
methodology tends to. fit 
problems into his techniques 
find or invent techniques which will 
supply solutions to problems. Those 
who emphasize means foster the building 
of walls that divide science into discret 
and these 


rather than 


separate territories ; people 
physicists, 
The 
the 


i di cipline or even lor depart 


become engineers, chemist 
psychologists or mathematicians. 


creative man has little concern for 
walls ot 
ments 


way 


when in the 
Scientists who 
similarities 


than 


uch dimensions get 
of problem solving. 
are creative find more 
their 


among 
they find 
thus a creative spirit find 
other creative workers mutually collabo- 
rative, irrespective of their 
their titles, or their labels. Someone has 
pointed out on this angle that the de 
grees a man has accumulated indicate 


fellow scientists 


difference 


degrees, 
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only degrees of exposure rather than a 
guarantee of creativity. 

Maslow aptly states that emphasis on 
techniques “encourages scientists to be 
safe rather than bold and daring. . 

It tends to make him [the scientist] into 
a settler rather than a pioneer. 

The proper place for the scientist—once 
in a while at least—is in the midst of 
the unknown, the chaotic, the dimly seen, 
the unmanageable, the mysterious, the 
not-yet-well- phrased.” 


impediments to Creativity 


Since the thesis of this paper is that 
creativity can be developed, the fact 
must also be accepted that it is often 
blocked, stunted or even killed by the 
conditions surrounding the scientist or 
the things that happen to him. The con- 
ditions or situations most likely to work 
against high-level creativity can be sum- 
marized as follows: 


1. Overregulation and overcontrol which re- 
sult in setting up so many intellectual fences that 
the ground to be plowed yields a meager crop. 
2. Setting time limits on creative results. The 
what and how can be planned. The who and 
where can be scheduled, but the when of a 
creative idea can by no stretch of the imagino- 
tion be put into a time schedule (1). The only 
type of research in which the when can even 
approximately be scheduled is that type of ap- 
plied research which has to do with develop- 
ment. 

3. Criticism leveled against the man with a 
creative i-ea is like the withering blasts of a 
furnace on tender piants. Overcritical attitudes 
or a lack of sympathy for unconventional think- 
ing will dry up the springs from which creative 
ideas flow. 

4. Demanding logical inferences when creative 
thinking is needed will, in the long pull, stereo- 
type productivity until it becomes sterile. Even 
to the creator himself, the initial stages of his 
thinking may seem to involve commerce with 
disorder. The faithful formalist has little chance 
of creating anything. 


5. A failure to provide opportunities for crea- 
tivity with a persistent lack of appreciation for 
creative ideas, or a failure to recognize creativity 
when it occurs will certainly pinch it off in 
the bud. 

6. A failure on the part of the scientist him- 
self to use facts as a springboard into the 
unknown and unchartered areas will make it 
increasingly difficult for him to come up with 
new ideas. Creativity is almost always a move- 
ment beyond the established. 

tends to 


7. Mistaking activity for creativity 


reward motion rather than progress. 

8. Assuming that any novel idea is a creative 
idea may lead to superficiality rather than 
penetration. 

9. An idea which flows with such rapidity that 
it aborts before it matures, and thereby defeats 
its own purpose. There are some individuals who 
can lay eggs at a rapid rate but they lack the 
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ability to hatch the eggs that have been laid. 
When the less inventive tasks involved in effect- 
ing an idea loom ahead, they rush to something 
else which is more stimulating because of its 
freshness. 


10. Emotional states—person-to-person, person- 
to-place, person-to-groups, or person-to-controls 
—will ideas, since it is a 
well-known fact that thinking is inhibited rather 


than facilitated by feeling. 


certainly block 


A study was made by Van Zelst and 
Kerr (4) of 467 scientists to determine 
their reaction to supervision vs. freedom 
in research. They found that the aver- 
age scientist in this study is 35 years 
of age, a member of four societies, reads 
four to five technical journals, works 43 
to 44 hours a week and 3 to 4 hours a 
day at home. 

In this group 8 per cent work best 
for the incentive of industrial profits, 19 
per cent for personal gain, and 73 per 
cent for the general good. Of the group, 
26 per cent want no deadlines, 23 per 
cent prefer that supervisors set theirs, 
and 51 per cent prefer to set their own 

By way of summary, it was found that 
the men who produced most “had more 
academic degrees, read more journals, 
belonged to more societies, put less em- 
phasis on equality among associates, 
liked to set their own deadlines for their 
projects and were motivated more by 
altruistic goals.” The study also sug- 
gested that “maximum productivity was 
achieved with (a) 28 hours per week of 
regimented work and (b) 3.5 hours per 
day of related homework. While this 
finding does not advocate a 28-hour 
work week, certainly, no one will ques- 
tion the wisdom of keeping creative 
workers as free as possible of routine 
and rigid assignments.” 


Characteristics of Creative People 


It is apparent from what has already 
been said that creativity is more a matter 
of people than of place, environment, 
organization or management. All or any 
of these conditions can assist or aid 
creativity, but they are no substitute for 
ability. What are some of the character- 
istics of creative people? The creative 
person is likely to be: 

1. Flexible—knows when to abandon false leads. 
2. | inative 


, willing to go be- 
yond the facts—to strike out on his own. 


+ 
ventur 


3. Inquisitive—looks, questions, and seeks. 

4. Persistent—painstaking and untiring, as long 
as there is hope for a solution. 

5. Pioneering—a frontier thinker who often has 
difficulty in communicating his thinking since he 
chases ideas which are often beyond the range 
of understanding even of his colleagues. 

6. Sensitive—perceptive of cues and responsive 
to stimuli. 

7. Unconventional—individualistic in that he not 
only tries new paths but also makes them. 
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Stimulating Creativity 


Throughout this paper the neces- 
sity for stimulating creativity has been 
emphasized. Some ways or means in 
which creative thinking and productivity 
can be encouraged are as follows: 


1. An environment of freedom—free- 
dom in this sense means merely room 
to project and unfold ideas until they 
emerge as solutions to problems. 


2. Sufficient security to reduce tension, 


but not so much security that one be- 
comes complacent. 


3. Reduction of routine, so that creativ- 
ity is not killed. About 70 per cent of 
a research man’s time is devoted to the 
informational aspect of his project, in- 
cluding search, report-writing, abstract- 
ing, indexing, and the like. 


4. A fallow period either during the 
search for solutions or between projects 
which will foster and encourage incuba- 
tion. 


5. Adequate rewards for the work done 
—anticipation of success; solution to 
problems; recognition by colleagues and 
other scientists; prestige that comes 
from quality work ; and financial returns. 


6. Ability to work as often as possible 
on his own projects or problems which 
are keenly interesting to him. 


Bush and Hattery (7) aptly, and by 
way of summary, have the following to 
say about creative research: “Research 
rather, it 
Like all growth, 
it may languish and die . . . The out- 
come cannot be forced by dollars 
it can only be encouraged 
arrange the dynamic 


is not subject to command; 
grows spontaneously. 


Re- 
ot the 
configuration and start over, and over, 


factors 


and over.” 

Creativity is within you; suppress it 
and it dies; express it again and again, 
and it takes shape, form, and life. 
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NEW AMMONIA UNITS ON STREAM AND IN CONSTRUCTION 


The $20,000,000 additions to Commercial Solvents Corp.'s ammonia and methanol production 
facilities were opened recently at Sterlington, La. More than 70,000 additional tons of nitrogen- 
bearing ammonia and 15,000,000 additional goll of methanol ao year will be produced, accord- 
ing to the company. 


Using approximately 50,000,000 cu.ft. of natural gas a year, the ammonia produced in the new 
plant will be processed, company officials said, into 75,000 tons of ammonium nitrate fertilizer and 
30,000 tons of nitrogen solutions. both for use in crop fertilization. Nitrogen will be produced in 
the form of anhydrows ammonia, solid nitrate, and solutions for mixed fertilizers. A new process 
for producing ammonium nitrate fertilizer, called the Stengel process, is being used, which 

liminat, tional prilling towers, coolers, and driers. 


‘conve 


A daily capacity of more than 300 tons has been announced by American Cyanamid Co. for 
the anhydrous ammonia plant that it is building near New Orleans, la. This is double the 
production capacity originally planned. The ammonia unit is shown above. 

The Fortier plant, to be built at a cost of $50 million, will produce nitrogen chemicals from 
natural gas. Besides anhydrous ammonia, acetylene, hydrocyanic acid and such derivatives as 
acrylonitrile and ammonium sulfate will be manufactured. Although the larger part of the ammonia 


produced will be used for agricultural purposes in the region, the company said, a portion will be 
diverted to the manufacture of the other chemicals. 
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W. R. MARSHALL, JR., RE- 
CEIVES WALKER AWARD 


The William H. Walker Award for 
1953 was made to W. R. Marshall, Jr., 
“in recognition of his unique and dis- 
tinguished record of publication in the 
fields of atomization of liquids and dry- 
ing.”” Dr. Marshall, the eighteenth mem- 
ber to receive the award, is the fifth in 
an unbroken line of professors so hon- 
ored, 


Presentation of this and the other 
major of the Institute, an- 
nounced last month, took place at the 
Awards Banquet held on Dec. 15 during 
the Annual Meeting in St. Louis. Olaf 
A. Hougen was chairman of the Awards 
Committee 


awards 


Dr. Marshall, who is a 
of the college of engineering 


ociate dean 
and pro 
the 
the 
to Chemical 


fessor of chemical engineer 


Wisconsin, 


award for his cor 


ing at 
University of received 
tribution 
Engineering Progress during the three 
year period 1950-1952. The paper 
“Principles of Spray Drying” (with E. 
Seltzer), 1950; “Temperature Gradients 
in Gas Stream Flowing Through Fixed 
Granular Beds” (with C. A. Coberly), 
1951; “Performance of Spinning Disk 
Atomizers” (with C, R. Adler), 1951; 
“Freeze Drying with Radiant Energy” 
(with W. H, Zamzow), 1952; “Evapo- 
ration from Drops” (with W. E. Ranz), 
1952; and “Centrifugal Disk Atomiza- 
tion” (with S. J. Friedman and F. A. 
Gluckert), 1952. 

A native of Canada, Dr. Marshall 
to the United States in 1925. He 
received a B.S. in chemical engineering 
from the Armour Institute of Technol- 
ogy in 1938 and a Ph.D. from the Uni- 
versity of 1941. Begin- 
ning his career in industry, he was with 
Du Pont Co., where he engaged in re- 
search and development in connection 
with drying and related problems, from 
1941 to 1947, when he left to enter the 
held, 


were 


cane 


Wisconsin in 


academic As associate professor 


(Continued on page 32) 
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Petrochemical Plant 


n the middle of Ataerica’s belt 

last month, the largest unit in the 
U. S. devoted solely to the manufac- 
ture of petrochemicals dedicated 
by the National Petro-Chemicals Corp. 
At Tuscola, IL, about 150 miles south 
of Chicago, the new corporation (owned 
606; National Distillers Products 
Corp., which manages and operates it, 
and 40% Panhandle Eastern Pipe 
line Co.) officially opened its doors tor 
What was on exhibit 
a technologist’s dream. Out of natural 
the company each year will turn 
130,000,000 gal. of propane, 30,000,000 
val. of butane, 6,000,000 gal. of gaso- 
line, 42,000,000 gal. of ethyl alcohol, 


corn 


Was 


by 
by 
inspection, 


Was 


was 


3,500,000) gal. of ethyl ether, and 
50,000,000 Ib. of ethyl chloride, the 


largest production from any one plant 
making these items. 

Tied in with the present petrochem- 
ical unit is a U. S. Industrial Chemicals 
Division sulfuric acid plant and a com 
pressor station on the Panhandle East 
ern pipe line, which is adjacent to the 
petro plant. 


And growth has not stopped; the 
management is currently planning a 
polyethylene unit, for which founda- 


tions have been dug, and an ammonia 
plant. The ammonia plant will cost 
$7,000,000 and will manufacture 50,000 
tons of ammonia, part of which will 
be converted into nitric acid and am- 
monia nitrate. The polyethylene plant, 
to be in operation in 1955, is expected 
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The 170-ft. stack in the National 
Petro-Chemicals Corporation ethyl- 
ene plant is the tollest structure in 
the new $50 million complex at 
Tuscola, Ill. Temperatures exceed 
1,400° F. in these ethane-cracking 
furnaces. 


Opened at Tuscola 


to produce 55,000,000 Ib. of polyethylene 
a year. The Illinois Farm Supply Co. 
is considering a $3,000,000 installation 
near the plant site to produce nitrogen 
fertilizer f the ammonia and am- 


trom 
monia nitrate made at Petro. 


Petro New to the Field 


The giant Petro plant now operating 
in the heart of Illinois is new to the 
chemical field and just as new to the 
parent company. That the venture re- 
presents a deliberate and carefully plan- 
ned expansion into the chemical field 
by a company seeking to diversify is 
manifested by the report that the presi- 
dent of National Distillers, John Bier- 
wirth, moved into the top company 
spot only after obtaining a promise that 
National would continue a diversifica- 
tion into the chemical field, begun by its 
previous president, Seaton Porter. Na- 
tional Distillers had been a conserva- 
tive whiskey house with few tangible 
outside interests when it embarked on 
its first chemical project, a $12,000,000 
metallic-sodium plant, at Ashtabula, 
Ohio. This first expansion was done 
with DuPont, which 
engineered and advised National on 
the operation of the sodium plant. 
National Petro was next formed by 
Bierwirth, and when it was in the 
engineering stage, National Distillers 
ventured further into the chemical field, 
first buying into and then merging with 


the assistance of 
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U. S. Industrial Chemicals, Inc. It 
also bought a 20% interest in Inter- 
mountain Chemical Corp. (which mines 
natural soda ash); and then bought 
Algonquin Chemical Co., producers of 
chlorine, caustic soda, and sulfuric 
acid. 

The idea for National Petro began 
when the then director of research and 
development for National Distillers, 
Robert E. Hulse, now vice-president of 
National Distillers and National Petro, 
approached the company directors with a 
plan to expand into petrochemicals. D1 
Hulse, a veteran of the DuPont organi 
zation, struck on _ petrochemicals 


as 


having a bright future. Two event; 
forecast the success of the project: 
first the formation of the National 


Petro-Chemicals Corp. with Panhandle 
Eastern, and second the hiring of 
Arnold Belchetz, a consultant with 
many years’ experience at Shell, Kel 
and Stauffer, behind him. Bel- 
chetz was responsible for most of the 
economic planning and 


lorg, 


engineering 
details. 

Of the four sites considered (one of 
them being on the Mississippi River, 
and another the Illinois River, to 
enable inexpensive shipment of chem 
icals) Belchetz and National Petro- 
Chemicals finally settled on Tuscola as 
the most logical. The logic is im 
mediately apparent from a_ pipe-line 
map. Tuscola sits astride a 1,200-mile 
pipe line which comes from the Hugoton 
and Panhandle fields in Texas as well 
as the pipe line of the Trunkline Gas 
Co. which taps the Louisiana Gulf 
Coast fields. The original economic 
balance as determined by Belchetz in 
dicated that hydrocarbons could be 
safely extracted from 400,000,000 cu.ft 
a day of Panhandle gas, which con- 
tains 12% nitrogen but nevertheless 
has a B.t.u. content of 1,000/cu.ft., 
and the stripped gas then mixed with 
Trunkline gas coming from the Gulf 
Coast, which has a B.t.u. content of 
1,050/cu.it., so that a minimum B.t.u. 
content of 975/cu.ft. could be main- 
tained for industrial sales. It is from 
the extracted hydrocarbons, such 
ethane, propane, and butane, that Petro 
predicates its present position and fut 
ure sales. However, resources need 
not worry the management, for the 
proven reserves of the Hugoton and 
other fields of Panhandle ownership 
are measured in trillions of cubic feet. 


on 


as 


Materials Flow 


The plant units now in existence at 
Tuscola are an extraction plant, where 
the gases are processed before entering 
the compressor station, and a fractiona- 
tion plant, where propane, isobutane, 


(Continued on page 22) 
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YES! THIS TOO IS A CONTINUOUS VACUUM FILTER 
FOR USE IN THE PRODUCTION OF SODA ASH 


PROBLEM: To dewater to as low as possible mois- 
ture content a sodium bicarbonate filter cake and 
to wash the cake free of ammonium chloride. 
EIMCO’S ANSWER: The unit shown above — The 
Eimco Sodium Bicarb Filter featuring: 


1. Special heavy-duty construction throughout. 


2. Special back-wash feature to prevent blind- 
ing of filter media. 


3. Special wash system to provide uniform wash 
water distribution. 


4. Special streamlined drainage construction 
with extra large valve to insure maximum 
removal of wash liquor and low coke 
moisture. 


THE EIMCO CORPORATION 
Selt Leke City, Uteh, U.S.A. 
Export Office: Eimco Bidg., 52 South St., New York City 


You Can't Beat Eimeo 


5. Special heavy-duty press rolls, to provide 
additional cake compression in the removal 
of moisture from cake. 


This filter is used in the production of soda ash 
by the Solvay Process, and in order to have a better 
than average product the filter is equipped to 
remove a greater percentage of impurities through 
proper washing and moisture reduction than ever 
possible before. 

This unit is typical of the specialized fields for 
which Eimco equipment is designed and built. When 
you have a problem in filtration we offer the 
services of men who know the filtration business, 
plus laboratory and research service and the 
experience of the Eimco Corporation, serving 
process industries for more than a half a century. 


of 
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Hear is one of man’s most useful servants. 
With it, he can separate gasoline from crude 
oil . . cook food . . . generate electricity . . . 
refine steel from raw ore and roll it into mile- 
long sheets. But to do these and countless 
other jobs, heat must be applied in the cor- 
rect amounts . . . to obtain critical tempera- 
ture values. 


Forward-looking research and production 
men realized some years ago that “rule of 
thumb” was entirely inadequate for replac- 
ing complex processes. They needed facts 
obtainable only from automatic measure- 
ment .. . performance possible only through 
automatic control. 


Honeywell has consistently led -the way 
toward new and better temperature instru- 
mentation. Continuing research has devel- 
oped sensing elements which cover the full 
temperature spectrum . . . instruments which 
provide the desired accuracy . . . and auto- 
matic controls which can regulate any pro- 
duction process. 


instruments 


The complete Honeywell family offers a 
broad choice of characteristics to suit in- 
dividual applications. ElectroniK indicators, 
circular chart and strip chart recorders and 
controllers afford the peak in performance 
through “Continuous Balance” high-speed 


electronic measurement. Pyr-O-Vane milli- 
voltmeter instruments fit many processes 
which need accurate indication and control. 
Brown Thermometers are economical instru- 
ments for recording and controlling moderate 
temperatures. 


controls 


With Pyr-O-Vane instruments you can have 
electric control of either the two-position, 
three-position or time-proportioning types. 


With Thermometers, you may choose from 
electric two-position, pneumatic on-off or 
proportioning control, and cam-operated 
program control. 


_ With ElectroniK instruments, your selection 


covers practically any form of electric or 
pneumatic control, including the most ad- 
vanced types suitable for complex processes, 
and the most flexible program controls. 


Processing of 
protected 


a 
2h H i heat for all industry 
versatile of perature . . . to moving 


CABINET DRYERS are controlled by this panel of wet and 
dry bulb Brown thermometers with Air-O-Line pneumatic 
control, during one of the final critical stages of pharma- 
ceutical processing. 


sensitive pharmaceuticals 
by Honeywell Instrumentation 


A few degrees in temperature .. . or a few millimeters 
of mercury of vacuum . . . can spell the difference be- 
tween successful production and spoilage, in the proc- 
essing of pharmaceuticals at G. D. Searle & Co., 
Chicago. To keep batch reactors and driers operating 
within close limits, this company utilizes a large number 
of Honeywell controls. 


Many of the materials which go into pharmaceutical 
production are highly sensitive to temperature changes. 
The glass-lined reactors in which these materials are 
processed are thoroughly instrumented . . . with 
Brown thermometers to record vital temperatures for 
operators’ guidance. Because pressure affects reactions 
too, many reactors are equipped with Brown absolute 
pressure indicators. These instruments, automatically 
compensating for atmospheric pressure changes, readily 
indicate vacuums within a few millimeters of mercury 
. .. and the operator does not have to correct readings 
for ambient conditions. 


In drying processes, accurate regulation of wet and dry 
bulb temperatures, by means of thermometer controllers, 
prevents moisture absorption by hygroscopic products, 
and avoids chemical decomposition of sensitive drug 
materials. Other controls keep safe negative pressures 
in the drying cabinets, and protect steam heating coils 
from sudden overloads in cold weather. As an aid to 
cost accounting, evenly-graduated flow meters continu- 
ously check steam consumption of manufacturing 
departments. 


Whether your own process is batch or continuous, you 
can help it reach highest efficiency with industry- 
proved Honeywell controls. Our local field engineer 
will be glad to discuss your requirements . . . and he’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, 4427 Wayne Ave., Philadelphia 44, 
Pennsylvania. 


@ REFERENCE DATA: Write for Composite Catalog No. 5000, for a brief description of the complete Honeywell line. 


Honeywell 
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PETROCHEMICAL 


(Continued from page 18) 


n-butane, and natural gasoline, as well 
as ethane, are separated. The ethane 
goes to the ethylene plant, and the four 
other hydrocarbons are stored for tank- 
car and truck delivery to markets. The 
ethane passes through the ethylene plant, 
a fraction going to the ethyl chloride 
plant, another to the alcohol plant. A 
small amount of hydrogen from the 
ethylene plant goes to the ethyl chloride 
unit and the balance will 
ammonia plant when it is completed 


go to th 


\lcohol and ether from the alcohol 
plant and ethyl chloride from the ethyl 
chloride plant go to tank-car loadings 
lhe U.S. plant at Huntsville, Ala., 
formerly Algonquin, supplies the chlor 
ine used in the ethyl chloride unit for 
making Sulfuric 
acid is processed in the U. S. I. sul 


hydrochloric acid. 


furic acid plant, which receives 77 and 
92% sulfuric acid from the alcohol 
unit and delivers O84; 


in return 


sulfuric acid 


Sales Return 


The production of these huge amounts 
of chemicals would normally be a mar 
keting problem of some proportion, but 
Petro officials had solved most of it 
long before the engineering of the 
plant was completed. Practically all 
of the L.P.G. is being purchased by 
Phillips, which created a market in Chi 
cago when it convinced transportation 
companies there that they ought to con 
vert some of their buses to propane 
use, and a large market for propane 
also exists in the northeastern states. 
Tuscola has the further advantage ot 
being closer to the large northeastern 
market than any other source of pro 
pane. A large quantity of the ethyl! 
alcohol is being sold to DuPont; the 
remainder is being purchased by Com 
mercial Solvents and U. S. Industrial 
Chemicals. Ethyl chloride is being ab 
sorbed by DuPont and the ether by 
Koppers Co, 


Processing Details 


Natural gos is delivered to the extraction 
plant, which can handle normally 400 million 
cu.ft. of natural gas a day ond a peak of 425 
million cu.ft. From this stream, 10 million stan- 
dard cubic feet of ethane (or approximately 40% 
of the ethane content) is extracted daily for the 
production of ethylene. In addition, essentially 
oll the propane, isobutane, n-butane, and 
natural gasoline are removed from the natural 
gos stream. 

The natural gas is first dehydrated to a 
~ 40° F. dew point to prevent freezing in the 


low-temperature process equipment. Approxi- 
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mately 7 Ib. of water is removed from each 
million cubic foot of gas in Sovabead and 
Florite dehydrators, each of which contains a 
9\2-ft. bed of Sovabead packed between two 
3-ft. beds of Florite. Operation is for 12 hr. 
followed by a 3-hr. regeneration and a 3-hr. 
cooling period. 

The dehydrated gos is cooled by exchange 
with light-oil-absorber outlet gas and with pro- 
pane refrigeration to a temperature of —20° F. 
before entering the light-oil absorbers. A 

20 F. hexane cut is used as the absorbing 
medium at a rate of about 1,700 gal./min. 
Before entering two light-oil absorbers operating 
in parallel, the lean absorption oil as well as 
the gas stream splits. The heat of absorption 
is removed by two sets of intercoolers, chilled 
by propane refrigeration, thus obtaining an 
average operating temperature of the absorbers 
of about 10°F. Gas leaving the light-oil 
absorbers enters three heavy-oil absorbers 
operating in parallel, where the light oil present 
in the gas is recovered by absorption at a 
pressure of 480 Ib./sq.in. gauge and a temper- 
ature of 60°F. The heavy absorption oil is 
charged to each absorber at a rate of about 
180 gal./min., and a temperature of 50° F. The 
stripped gas now goes to the compressor station, 
where it enters the suction of the compressors. 
it is here that the blending of the several gas 
streams takes place, and the blending process 
caused no little cudgeling of engineering brains. 
Panhandle’s problem, which they solved, was no 
mere precompression mixing, but the careful ad- 
justment of the striped gos from Petro at 450 
Ib./sq.in. with the higher pressure lines from 
Texas and the Gulf. Petro, incidentally, is on a 
‘hot-shot” line—meaning direct from Liberal, 
Kan., without any intervening soles from the line. 

Rich oil leaving the heavy-oil absorbers is 
charged to the heavy-oil still, where the light 
end heavy oils are separated. Heat is supplied 
by a direct-fired reboiler with a duty of 50,000, 
000 B.t.u./hr. Rich oil from the light-oil ab- 
sorber is charged to a demethanizer operating 
at about 405 Ib. sq.in. gauge, where the ab- 
sorbed methane is removed from the rich light 
oil. The methane is passed through a reabsorber, 
for marginal recovery of ethane, and then 
through a preabsorber, for presaturation of light 
lean oil with methane, prior to the return of 
the methane to the stripped-gas stream. 

The rich oil from the demethanizer is then 
charged to two light-oil stills operating in 
porallel, where the extracted L.P.G. is separated 
from the light oil, condensed by water cooling, 
and sent to the fractionation unit for separation. 
Each light-oil still utilizes a direct-fired reboiler 
with a duty of 31,000,000 B.t.u./hr. 

Propane refrigeration is supplied by three 
4,000-hp. steam-turbine-driven centrifugal com- 
pressors, one of which is a spare unit. Propane 
at various saturation temperatures and pressures 
is vaporized into five separate stages of the 
compressor to provide refrigeration at —30°, 

11°, 27°, 48°, and 70 F. 

The L.P.G. stream from the extraction unit, 
consisting primarily of ethane and propane with 
lesser amounts of iso- and n-butane and notural 
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gasoline, is charged to a four-tower fractionation 
unit. 

A 95% pure ethane stream is removed from 
the L.P.G. in a 26--tray deethanizer operating 
at 485 Ib./sq.in. gauge. Part of the overhead 
is condensed by propane refrigeration for reflux 
purposes, and the remainder is sent to the 
ethylene plant as ao vapor. The bottoms from 
the deethanizer are pressured to a 40-tray de- 
propenizer operating at 205 Ib. sq.in. gauge. 
The propane, 96% pure, goes to storage. The 
bottoms from the depropanizer ore pressured 
into the debutanizer, where the iso- and n-butane 
are separated from the natural gasoline. The 
natural gasoline from the debutanizer is sent to 
storage and the butane fraction to the 70-tray 
deisobutanizer, consisting of two 35-tray towers 
in series, where the isobutane with a minimum 
purity of 95% is separated from the n-butane 

The daily production and storage capacities 
for the products are as follows: 


Product Production 
Ethane 10,000,000 cu.ft./ day 
Propane . 350,000-400,000 gal. day 
Isobutane 30,000 gal./day 
n-Butane 55,000 gal./day 
Gasoline 10,000-19,000 gal./day 


Ethylene Unit 


Ethane from the fractionation plant 
is received at the ethylene plant for 
cracking and ethylene recovery. Th: 
ethane is first scrubbed with caustic 
to remove minor quantities of sulim 
compounds which might be present, and 
then converted to ethylene at elevated 
temperatures in a bank of eight tu 
naces. The outlet pressure from the 
reaction zone is 25 Ib./sq.in. gauge 
the residence time being very short. 

The turnace or heater effluent, con- 
taining approximately 30°, ethylene, is 
quenched by a water spray and further 
cooled by heat exchange with circulatory 
water. A waste-heat steam boiler has 
been built into the convection section 
of the turnace for recovery of heat 
from the flue gases. The cooled quench 
spray carries with it a large proportion 
of the tars, heavy polymers, and coke 
which may be formed. These materials 
are removed trom the water in a surge 
drum prior to the reuse of the water. 

Hydrocarbons from the quench drums 
are stripped of most compounds heavier 
than pentane in a light-oil absorption 
tower. The rich oil is steam stripped 
for reuse. The scrubbed gases from 
the absorber are compressed stepwise 
with cooling between each pressure 
stage. 

Final utilization of the ethylene from 
this plant prohibits the presence of more 
than minor traces of acetylene in the 
end product. Therefore, practically all 
acetylene is converted to ethylene by 
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and Dollars 


For management and engineers, time is the master test- 
ing machine. Speed in construction is the first time- 
test... steady, efficient production the second. Profit 
begins only when construction ends; trouble-free pro- 
duction determines volume of product and profits. 


Catalytic’s ability to meet these master tests of con- 

ag struction speed and sound design is ably demonstrated 

ty _soéby the record of the Houdriflow catalytic cracking unit 

: built at Sunray, Texas, for the Shamrock Oil and Gas 
Corporation. 


“fe ® Catalytic Construction Company had undivided 
responsibility for process design, engineering, pro- 
curement, construction and start up of plant. 


+3 ® The first “birthday” anniversary of the refinery in 
operation brought this report—‘first year's run 
completed at 97.3 per cent on-stream efficiency.” 


CATALYTIC ON-TIME...ON-BUDGET SERVICES 
forthe chemical, petrochemical and oil refining industries 
Project Analysis Engineering Economic Studies 
Procurement Process Design Construction 
Plant Operation 


CATALYTIC 
CONSTRUCTION COMPANY 


1528 WALNUT STREET, PHILADELPHIA 2 
PENNSYLVANIA 
In Canada 
Catalytic Construction of Canada, Limited 
Sarnia, Ontario 
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TWELVE MONTHS 


NATIONAL CARBON’S creartest YEAR OF 
PRODUCT DEVELOPMENT BOOSTS THE BUYING 
POWER OF YOUR EQUIPMENT DOLLAR 


Here is recommended reading for those who _ product-development program in our history 
want a dollar that will buy more instead —man-hours and money devoted to adding 
of less than a year ago. These catalog pages value in every way possible to your new 
detail the results of the most intensive ‘“Karbate” impervious graphite equipment. 


HERE’S WHAT WENT INTO THE PROGRAM: 


@ A material unique in corrosion resistance 
@ Design know-how and facilities pre-eminent in the field 
® Application experience of long standing 


HERE'S WHAT CAME OUT OF THE PROGRAM: 


@ Higher unit capacities 
@ Lower costs per unit of product through increased efficiency 
@ Still greater ease of installation and maintenance 
@ Increased ruggedness and flexibility 
@ Greater simplicity and alterability than ever before 


Catalog Section S-6740- 
HEAT EXCHANGERS 

Chemical resistance to 
practically all corrosive 
fluids; resistance to 
severe thermal shock; 
high heat-transfer rates; 
low maintenance costs. 


Catalog Section S-6820— 
CASCADE COOLERS 


Low initial cost; radiused 
returns for low pressure 
drop; redwood water- 
guide strips; three 
standard models in stock. 


KA ane Impervion, 
| 
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PROGRESS VALUE! 


Catalog Section S-7250 — CENTRIFUGAL PUMPS 


Capacities from 5 to 1500 G.P.M.,; 
type SN armored connections; 
pump efficiencies to 60%; 
discharge pressures to 100 psi. 


Catalog Section S-7460 — HCL ABSORBER 


Produces up to 20 tons per day 22° Baumé Acid; 
pneumatic automatic control; compact, lightweight; 
minimum installed cost. 


Catalog Section S-7000 — PIPE AND FITTINGS 


Readily installed; long lasting; 
easily maintained; 
unaffected by most corrosive fluids. 


The term Karbate registered tr 


le-mark 
of Unvwon Cartide and Cart« 


n Corporation 


NATIONAL CARBON COMPANY 

A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 

District Sales Offices: Atlanta, Chicago 


Dallas, Kansas City, 
New York, Pittsburgh 


San Francisee 


IN CANADA: National Carbon Limited, Montreal, oaite Winnipeg 
NATIONAL CARBON prooucts 


HEAT EXCHANGERS + PUMPS - VALVES + PIPING + TOWERS + TOWER PACKING + SULPHURIC ACID CUTTERS 
HYDROCHLORIC ACID ABSORBERS + STRUCTURAL CARBON + BUBBLE CAPS + BRICK + GRAPHITE ANODES + BRUSHES 
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(Continued from page 22) 


italvtic hydrogenation 


which Is Cal 

ried out at moderate pressure and at 
livhtly elevated ten perature 

The wet gas from the converters is 


lurther compressed with interstage cool 


ny and subsequent water knock-out and 
dried with travs of activated aluminum 

vide. Regeneration of the drier travs 
is carried out with heated gas from 


the crac king 


trom the driers is cooled 


Phe exit was 
propane 


retrigeration and charged 
into a refrigerated ab orption tower tor 
the 
trom the 
verted 
veight hydrocarbons 

The absorber overhead of hydrogen 
(8,000,000 


small amounts of highet 


eparation of methane and hydrogen 


mixture of ethylene, uncon 


ethane and higher molecular 


day ) and methane con 
tains molecu 
including 


\ portion of the absorbed over 


lar-weight) compounds, some 


le in oil 


head is refrigerated to extremely low 
temperatures, until all) hydrocarbons 
have been condensed leaving an essen 


tially pure hydrogen. The hydrogen ob 
this sent to the 
ethyl chloride plant tor combustion with 
(However, in October, 1954, 
the balance of the hydrogen stream will 


tamed on methane ts 


chlorine 


he purified and used for ammonia pro- 
duction.) The condensed light oil is re 
turned to the absorber. The other con 
densed hydrocarbons, consisting mostly 
of methanes, enter the plant fuel system. 
the over- 


Cooling the main portion of 


head gas by expanding it through a tur 


boygenerator, restores a portion of the 


energy Of compression, After the ex 
pansion, most of the light oil is re 
covered as condensate. The remaining 


is utilized as tuel in the cracking 


vas 
furnaces, 

When the ethane and ethylene are 
removed from the rich absorber oil in 
a deethanizer, a lean oil remains, whieh 
is contaminated with some higher ole 
tins. A the 
oil is rerun ma still column; the purified 


small percentage of lean 
light oil is returned to the lean-oil reser 
vo, 

The final tower im the ethylene plant 
fractionates the ethylene from the ethane 
the overhead. 
Reflux is obtained by refrigeration and 
Phe overhead product con 


present) im deethanizer 
compression 
an ethylene with a minimum 


purity of 


sists of 


Propane refrigeration is used through 
out the entire unit, and two temperature 
1S°F. 


The refrigera 


levels are maimtaimed, one at 
and the other at 40° F, 


tion system uses two 4,400-hp. centri- 


fugal compressors, 
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Ethy! Alcoho! Plant 


Ethyi alcohol is produced from ethyl 


ene by ‘the sulfuric acid process. Ethyl 
ene is absorbed in strong sulfuric acid 
to form ethyl hydrogen sulfate and 


diethyl sulfate; the ethyl sulfates are 


to form ethyi 


diethyl ether 


hydrolyze vith water 


ileohol, oduet 


and by 


vhich are stripped trom the acid. The 
icid reconcentrated under vacuum 
ind fortified for reuse the process 
Phe crude alcohol is retined by distilla 


tion to produce the 
I%)-proot ethyl al 


final products of 
ohol and diethyl 
ether. 

Approximately 7,700,000 cu.ft. a day 
upplied to the ethanol 
plant 


of ethylene is 
synthesis unit) by the 


This 


sulfuri 


ethylene 
with 
liquid-full, ab 
absorption being 


ethylene is reacted strong 


acid two 
orption tower the 


carried ont at elevated tet peratures 


and pre ssures in order to complete the 
reaction in a reasonable volume. 


Vhe 


with a sinall stream of unabsorbed ethyl] 


reactor 


chluent gases im the feed, along 


absorbers and 


ene, are vented from. the 
returned to the ethylene plant. The 
ethylene-sulfuric acid “absorbate” is dis 
charged from the absorbers and sent 
to intermediate storage 

The hydrolysis step, carried out 
a corrosion-resistant reactor, torm-s 


ethyl alcohol and diethyl ether. In a 
distillation 
open steam is used to strip ethyl alcohol 
the 
that was released by the hydrolysis ot 


conventional-type column, 


and ether from weak sulturic acid 


ethyl sulfates. Crude alcohol is neu 
tralized with caustic and sent to storage. 
and spent acid from the stripper bot 


toms is pumped to storage before feeding 
to the acid concentrator. 
The 


series of 


alcohol is retined in a 
distillation first to 
remove ethyl ether, second to remove 


crude 
columns, 


impurities boiling in the same range as 
aleohol, and third to retine the alcohol. 
I.xtractive distillation is used to remove 
impurities which are stripped from a 
dilute solution of aleohol under 
tions where the relative volatilities are 
reversed, A bateh still is available for 


condi 


oceasional recovery of ether of special 
grades and also for recovery of alcohol 
and other components of the impurity 
stream, 

The heat requirements of this puriti- 
cation system, with its large quantities 
of dilution water to be removed by dis- 
tillation, 
the design 
umns 
open steam being supplied to the bottom 


were Of prime importance in 
conserve heat, the col- 
empley a vapor-reuse system, 
of the rectifier and the overhead vapors 
used to supply heat to the reboilers of 
the ether and extractive-distillation col- 
umns. Reboiler condensate is then re- 
turned to the rectifier reflux drum. In 
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order to obtain a satisfactory tempera 


ture difference in the reboilers, the rec 
tifier is operated under pressure 

The 
il 
which 


concentrators are c 
Simonson-Mantins 
the 
acid to 92 


here are six conecentration- 


acid mven- 


vacuun: units 
concentration of the 


wt.‘ 


raise 


weak icid 
operating 
it 4.0 and 0.4 in. He and using 65. 150 
and 300 Jb. /sq.in 
Phe 


pumped to the sulfuric acid plant ($2 
140,000 tons/year) wher 


vauge steam u bay 


onet heaters concentrated 


ich 


million 


cost, 


it is fortified to full strength and =r 
turned to the alcohol unit. A’ portion 
of the acid is also removed from the 


concentrators at 77° acid strength for 
external sale, mostly for production ol 


superphosphate. 


Ethyl Chloride 


In addition to 
cu.ft. 
synthesis plant, the ethylene plant sup- 
phes approximately 1,000,000 cu.it. /day 
of ethylene and 500,000 day ot 
by-product hydrogen for the ethyl chlor 
ide plant. 


supply ing 7,700,000 


day of ethylene for the ethanol- 


Chlorine is the other basic ingredient 
used in the plant. It is shipped in by 
tank car at the rate of a car a day, and 
storage facilities provide inventory for 
approximately a week's operation, The 
plant includes a unit for burning chlor- 


ine with by-product hydrogen from the 


ethylene plant. in’ Karbate furnaces. 
The products are recovered by absorp 
tion im muriatic acid, and the hydrogen 


chloride is stripped ott prior to com 
pression for the synthesis operation 
The ethyl chloride process combines 


hydrogen chloride and ethylene gases 
directly to produce ethyl chloride; ap- 
proximately 50,000,000 Ib. a year will 


columns are 
used to produce pure ethyl chloride. 


be produced. Rectifving 


Water a Problem 
The Kaskaskia River, which 


adjacent to the plant, is the source of 
water. In order to provide for period of 
100,000,000-gal. 
was built to provide surge and storage 
capacity. In addition, two wells capable 
of supplying 7,000,000 gal. of 
daily were drilled 24 miles upstream of 
the plant so that when the normal flow 
in the Kaskaskia River falls to a 
level, water may be pumped into the 
channel to supply the plant demand- 

The extraction plant and site facili 


flows 


low flow. a reservoir 


water 


low 


ties, roads, boiler-house, ete.., 
structed by J. F. Pritchard Co. ; 
the Co. was contractor for 
the ethylene plant; Vulean Copper and 
Supply built the alcohol unit, and the 
ethyl chloride plant Was constructed by 


Foster Wheeler. 


(More News on fage 30) 


were con- 
and 


Lummus 
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FORTUNATE ACCIDENT 
In 1839 rubber wasn’t much use. It melted and oozed in hot weather. In cold it stiffened and 
cracked. To remedy these failings, Charles Goodyear worked ardently but unsuccessfully. Yet he 


kept on. And the final solution of the problem came by accident when onto a hot stove Goodyear 
spilled a mixture of latex and Sulphur. This was the birth of vulcanization. 


In the years since then, Sulphur has contributed further to 
rubber’s versatility. By varying the proportion of Sulphur in 
the vulcanization mix, the properties of the rubber are 
changed — ranging from the battery case’s rigidity to the 
rubber band’s flexibility. And when supplies of natural rubber 
were cut off by war, Sulphur in various forms was found to 
be a most important element *!so in the production of 
synthetic rubbers. 


FREEPORT SULPHUR COMPANY, oldest United 
States producer of crude sulphur, has been supply- 


ing this essential raw material for over 35 years, 


FREEPORT SULPHUR COMPANY 


Orrices: 16] East 42nd Street, New York 17, N. Y. e Mines: Port Sulphur. Louisiana e Freeport, Texas 
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Cutaway drawing shows how J-M Weather-Protected Insula- > 
tion is applied to tanks such as those at the S. D. Warren Com- 
pany paper mill. Standard methods for mechanical securement 


of the insulation are used. Asbestocite sheets are then applied 
over the insulation, in accordance with the simplified Johns- 


Manville specification. 


BUILT-UP ROOFING 


CORNER 
A FL ASHING 


A 
__ASBESTOCITE 


A (Above) Completed job of J-M Weather-Protected Insulation 
on black liquor tanks of the S. D. Warren Company. 

(Right) Skilled applicators of an outstanding J-M Insulation » 
Contractor, P. S. Thorsen Co. of South Boston, Mass., applying 


Asbestocite sheets over Zerolite insulation. 


S. D. Warren Company saves fuel, reduces maintenance 
on outdoor tanks with J-M Weather-Protected Insulation 


On black liquor tanks of the §. D. Warren Company 
paper mill at Cumberland Mills, Maine, Johns-Manville 
Weather-Protected Insulation pays a “double dividend”: 

It saves money on fuel and maintenance. J-M 
Zerolite* insulation keeps the heat in... thereby saving 
a substantial amount in fuel costs. J-M Asbestocite*, a 
strong asbestos-cement sheet material, covers the Zero- 
lite Insulation to protect it both from the weather and 
from wetting due to normal plant operations. This 
“bodyguard” layer of Asbestocite Weather Protection 
makes the tanks virtually maintenance-free and helps 
hold down operating costs. 

It helps provide close temperature control. The 
temperature of black liquor in these tanks must be 
maintained so that it will flow freely and not clog up 
pumping apparatus. J-M Weather-Protected Insulation 
helps do the job dependably and economically. 


Whatever the operating temperature of outdoor tanks 
and vessels, Johns-Manville offers the right insulation 
for application under the Asbestocite weather protec- 
tion. For example, J-M 85% Magnesia Insulation is also 
widely used for this service because of its proved per- 
formance for temperatures to 600 F. 

To be sure that the insulation and its weather pro- 
tection is properly applied to pay the greatest return 
on your investment, J-M offers the services of experi- 
enced J-M Insulation Engineers and J-M Insulation 
Contractors. These men stand ready to give you an 
insulation job that will more than pay off your initial 
investment through maximum fuel savings. 

For further information about J-M Weather-Protected 
Insulation, write to Johns- Manville, Box 60, 
New York 16, New York. In Canada, 199 Bay 
Street, Toronto 1, Ontario. *Reg. U.S. Pat. Off. 


Johns-Manville First INSULATION 


MATERIALS 
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HERE’S THE BIG 
KINNEY PUMP LINE 


Single Stage 


Model DVH 27.20.34 1800 CFM 
Model DVM 18.14.20 780 CFM 
Model DVD 14.14.18 486 CFM 
Model DVD 14.9.18 311 CFM 
Model DVM 12.8.14 218 CFM 
Model DVD 8.8.10 110 CFM 
Model VSD 8.8.11 52 CFM 
Model VSM 7.7.8 27 CFM 
Model VSM 5.5.6 13 CFM 


Compound 


Model CVM 8.6.10 46 CFM 
Model CVM 5.5.6 15 CFM 
Model CVM 3534 5 CFM 
Model CVM 3153 2 CFM 


P % > 
* 


Let's talk vacuum 
your plant! 


There’s a qualified Kinney Vacuum Engineer in your region, 
ready to talk vacuum in your plant. Call on him. See how the BIG 
LINE... the Kinney line of vacuum pumps can be profitably used 
in exhausting lamps and tubes, freeze-drying pharmaceuticals and 
antibiotics, vacuum metallizing, vacuum production of titanium 
and other miracle metals, vacuum fumigation and impregnation — 
and in the countless other ways vacuum serves industry today. 
Kinney Manufacturing Co. — manufacturers of vacuum and liquid 
pumps. Boston, New York, Chicago, Detroit, Cleveland, Atlanta, 
Pittsburgh, Philadelphia, Los Angeles, Charleston (W. Va.), Hous- 
ton, New Orleans, San Francisco, Seattle, and foreign countries. 


NEW MECHANICAL 
PUMP 


Model MB 1200. 


GAS BALLAST “Clean” vacuum . . 


when applicable — \ Uf extremely high pump- 

All sizes of Kinney ing speeds (1000 CFM at 10 mi- 

Vacuum Pumps can crons) .. . low power (15 HP)... 
equipped with gas ballast to particularly suited for metallur- 
assist in your water-oil contami- gical processes where large 
nation problems. volumes of gases are liberated. 


FOR DETAILS WRITE KINNEY MANUFACTURING CO., 
3546 WASHINGTON ST., BOSTON 30, MASS. 
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NEWS 


(Continued from page 26) 
TWO NEW TECHNICAL 
SERVICES IN 1954 


services to cover technical 
publications 


The 


Division ot 


Two new 
were an 
American 
Retin 
technical 
and the 
Institute plans to 
calendar of technical 
first 


and 
last 
Institute 
maugurate a 


mectings 
nounced month. 
Petroleum 
will 
abstract service in 
Southwest Research 
publish a monthly 
meetings in the 


ng, new 


January 


region, the issue 
also to appear in January. 

The A.P.1. bulletin, which will appear 
weekly, will 100 petroleum and 
chemical publications. | Subscriptions 
may be obtained by Louis 
C. Stork, Editor, Technical Abstract 
Service, American Petroleum Institute, 
50 West 50 Street, New York 20. The 
price is $3,000 annually for tive copie 
each week. 

The monthly technical calendar of the 
Southwest Research Institute will be 
sent free to about 25,000 engineers and 
scientists in the region, 
Louisiana, Oklahoma, Arkansas, New 
Mexico, Arizona, and Texas. Its pur 
is to “assist in disseminating newly 
discovered scientific knowledge princi- 
pally by listing meetings of technical 
groups in the six-state region.” 


cover 


writing to 


which includes 


pose 


SUPER-PRESSURES UNIT 


The newly dedicated super-pressures unit of 
the Ipatieff Catalytic and High Pressure Labora- 
tories at Northwestern University, Evanston, IIl., 
promotes research on the application of super 
pressures to catalytic reactions of organic com- 
pounds. Above is the piping that connects the 
controls, installed for safety outside a 4s-in. steel 
armor plate, with the unit. Reactions will be 
effected in flow-type rer pressure equipment 
at 25,000 Ib./sq.in. and 1,000° F. 
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B.L.S. RESEARCH REPORT 
STUDIES ENGINEERS 


half 
porting workers was employed for each 
1951, 


survey of in 


\n average of one and a sup- 


research engineer or scientist in 
according to a nationwide 
dustrial 
cently 


research and development re 
issued in final form by the Re 
and Development Board of the 


and the Bureau 


search 
Department of Defense 
of Labor Statistics. 

In the 1,735 companies reporting sup 
porting personnel (all with research 
programs), 143,000 supporting workers 
(draitsmen, laboratory assistants, other 
technicians, skilled craftsmen, and ad 
clerical, and 
and 95,700 professional re- 


ministrative, maintenance 
personnel ) 
search people were employed as of Jat 
1952. Of these, 
the supporting personnel in the 
(food: textiles: 
petroleum refining ; 

and 


uary, nearly 55% of 
indu- 
paper. 
rubber 
metal 


tries considered 
chemicals; 
stone, clay, 


glass; primary 


fabricated metal; machinery; electrical 
machinery; transportation ; 
sional and scientific instruments, 


ing photographic equipment) were em 


and profes- 
includ 


ploved in three industries, namely elec 
trical machinery, aircraft, 
cals; 


and chemi- 
supporting 
workers to professional research per 
sonnel varied greatly: 2.0 for electrical 
machinery, 1.5 for aircraft, and 0.9 for 
chemicals. The ratio of sup 
porting to professional workers (5.2) in 
fact was not in the three leading indus 
tries but in motor vehicles. 


however the ratio of 


greatest 


Company Size 


Even more pronounced than the dis- 
tribution by industry, the report contin 
ued, was the concentration of supporting 
largest firms: 249 of 
supporting workers and 14 
engineers and scientists being employed 


workers in the 


of research 


by the seven companies with more than 
100.000 employees. 
5.000 workers the ratio of supporting to 
research personnel rose from 1.5 to 1.6. 
“In general,” the 
“firms with large staffs have 
found it feasible to have 
cialization of personnel than is practic 


The 


For tirms with over 


report explained, 
apparently 
greater spe 
able in smaller organizations rela 
tively low support ratios of the 
companies probably also retlect the 
that such firms often contract out much 
of their subprofessional work to draft 
ing firms and machine shops, since theit 
volume of work does not 
a staff 
service functions.” 


small 


tact 


warrant the 


maintenance of to pertorm these 


Professional Research Personnel 


Coincidentally, the same 
tio, 1.5, of supporting to research per 
sonnel held for the propertion of re 


average ra- 
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search engineers to total employees. In 
the chemical industry, however, the ratio 
was 3.0, 1.3 lower than the highest ratio, 
that for firms. Of the profes- 
sional research engineers ind scientists, 


aircratt 
approximately 400 worked for the 
four largest 
had at least 
these companies represented only 
all the org 
study. 


forty companies, each of 


which 25,000 employees ; 
2% ot 
(1,953) in the 

thirds of the professional 
were with the 222 companies 
of the total) with 5,000 or more 
and only 49% worked for the 
(33% of the total) with 
fewer than 100 employees. 


ranizations 
Two 
researchers 
(11% 
employees, 
642 companies 


Research Costs 


The three fields leading 
ment of research personnel 
aircraft, 


in ¢ mploy - 
(electrical 


machinery, and chemicals ) also 
had the highest total research costs, ac 
counting for 54% of the 1951 
reported. field with the 
cost per research 
($16,500) 
The 
sional researcher in all 
$21,900. Further 
ployment of 


costs 
Hlowever the 
owest engineer or 


scientist was the chemicals 


industry. average cost per protes- 
industries 
influence of the 


supporting 


Was 
workers is 
shown in the research costs. Forty-four 
per this was borne by 
eighteen companies with 1,000 or more 
research 


cent of cost 

and scientists, or 
37% of the total professional employ- 
ment. The smaller with a total 
professional staff of than 125, on 
the other hand, carried 21% of the re- 
search costs but emploved 29° of the 


engineers 
firms, 


less 


professional personnel. 
porting-personnel 


The greater sup- 
ratios in the larger 
firms added to research costs, the report 
explained. 

Detailed information on and 


is supplied in 


research 
development industry 
Bulletin 1148 of the Bureau of Labo: 
Statistics, which may be obtained from 
the Superintendent of Documents, U. S. 
Government Office, Washing- 
ton 25, D.C. 


Printing 


OREGON STATE GETS NEW 
CHEM. ENG. BUILDING 


\ new chemical engineering building 
is bemg designed for Ore gon State Col- 
lege, according to an announcement by 
J. S. Walton, Head of the Department 
of Chemical Engineering. Planned for 
occupancy by September, 1955, the build- 
ing will house the various unit opera- 
tions equipment and control laboratories 
and will provide space for research in 
such fields as wood, fuel, plastics, metal- 
lurgy, and electrochemical 
desides undergraduate research space, 
there will be several private research 
rooms for graduate students. 


(More 


technology. 


News on page 32) 
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Lapp Zt Gunk 
PULSAFEEDER 


OPERATES 
AT FULL CAPACITY 
AND FULL RATED 
PRESSURE 


The Lapp Auto-Pneumatic Pulsafeeder 
has made possible automatic continu- 
ous processing in many processes in- 
volving chemicals or mixtures which 
have not been satisfactcrily handled 
by pumps of conventional construction. 
In this construction, pumping rate is 
controlied by instrument air pressure 
responsive to variable flow, pH, tem- 
perature, liquid level, pressure, or any 
other instrument-measurable process- 
ing variable. And now, new improved 
Auto-Pneumatic instrumentation pro- 
sure—full ratings as listed for manu- 
Lapp Pulsafeeder is the combination t ally-controlled models. 


piston-diaphragm pump for controlled- 
volume pumping of fluids. Recipro- 
cating piston action provides positive 
displacement. But the piston pumps 
only an hydraulic medium, working 
against a diaphragm. A floating, bal- 
anced partition, the diaphragm isolates 
chemical being pumped from working 
pump parts—eliminates need for stuf- 
fing box or running seal. Constant 
pumping speed; variable flow results 
from variation in piston-stroke length 
—controlled by hand-wheel, or, in 
Auto-Pneumatic models, by instrument 
aif pressure responding to any instru- 
ment-measurable processing variable. 


WRITE FOR BULLETIN 300 with typical applications, flow 
charts, description and specifications of models of various 
capacities and constructions. Inquiry Data Sheet included 
from which we can make specific engineering recommenda- 
tion for your processing requirement. Write Lapp Insulator 
Co., Inc., Process Equipment Div., 133Wilson St.,Le Roy,N.Y. 


Vol. 49, No. 12 Chemical Engineering Progress 


As, 
— 
7 
4 
ail 
‘ 
4 
. 
Page 31 


SYMPOSIUM ON 
COMBUSTION FOR 1954 


The Fifth International Symposium 
on Combustion will be held at the Uni 
versity of Pittsburgh on Aug. 30 
through Sept. 3, 1954, under the au 
spices of the Standard Committee on 
Combustion Symposia. 

The Fourth Symposium, held at the 
Massachusetts Institute of Technology 
in 1952, considered the physical aspects 
of combustion; the Fifth Symposium 
will emphasize the chemical aspects. An 
agenda follows: 

1. Kinetics of combustion processes. 
Includes theory and experiments: pre 
flame and flame kinetics; kinetics and 
mechanism of important oxidation reac 
tions ; kinetics of fast reactions; applica 
tion of the method to 
chemical kinetics; new instrumentation 
in combustion kinetic research; applica- 
tion of kinetics to engine and other 
processes. There will be at least two 
invited papers in this field, one of which 
will probably be on the growth and decay 
of carbon in luminous flames. Other- 
wise a general invitation is extended 
for original contributions in this area. 

2. Unsolved combustion problems in 
engines, including Otto, Diesel, rocket, 
ram-jet, pulse-jet, turbo-jet, gas turbine, 
etc. This section will be covered by a 
series of invited papers by experts on 
the various engines. 

3. Several additional invited papers 
on the following subjects: scale effects 
(models) in combustion, space require- 
ments for combustion, structure of com- 
bustion waves, theory of combustion 
(flammability and detonation). 

4. Two round-table discussions to be 
announced later. 

The committee requests that authors 
planning to contribute papers notify The 
Combustion Symposium Committee, at- 
tention of Dr. Bernard Lewis, U. S. 
Bureau of Mines, 4800 Forbes St., Pitts- 
burgh 13, Pa., of their intention as soon 
as possible, whether or not an exact 
title is available. Abstracts of between 
500 and 1,000 words are requested in 
triplicate not later than March 1, 1954 


spectroscopic 


PERKIN MEDAL GOES 
TO EDUCATOR 


The Perkin Medal has been awarded 
tor 1954 to Roger Adams, head of the 
department of chemistry and chemical 
engineering at the University of Illinois, 
it was announced recently by the Ameri- 
can Section of the Society of Chemical 
Industry, which makes the award. 
Awarded for outstanding achievement 
in applied chemistry, the medal was es- 
tablished in 1906 and was first awarded 
to Sir William Henry Perkin, developer 
of the first synthetic dye. 


Page 32 


HEAVY-INDUSTRY FABRICATION PLANT OPENED BY FOSTER WHEELER 


Operation has begun at the new $5 million fabrication plant erected by Foster Wheeler Corp. 
at Mountaintop, Pa., for the fabrication of chemical plants, oil refineries, steam generating units, 


etc., according to a recent announcement, but full operation will not be underway until the first 
of the year. Among the major tools at the new installation are an 8,000-ton hydraulic beam press 


reported to be capable of bending plate 8 in. 


generator that will penetrate 12-in. steel 


Among Dr. Adams’ achievements in 
applied chemistry are discovery of the 
platinum oxide catalyst, researches in 
stereochemistry, applications of new re- 
agents to problems of organic chemistry, 
and contributions directly to the devel- 
opment of the American chemical in- 
dustry as a consultant and top admini- 
strator. Besides over 350 scientific ar- 
ticles, Dr. Adams has written a text 
book on organic chemistry, has been as- 
sociate editor of the Journal of the Amer- 
ican Chemical Society, and has been edi- 
tor-in-chief of Organic Reactions. A 
graduate of Harvard University, from 
which he also has a Ph.D., Dr. Adams 
has received numerous honorary degrees 
and fellowships. He holds the William 
H. Nichols medal, Willard Gibbs medal, 
Priestley medal, Medai for Merit, and 
others. 

Members of the Jury of Award of 
the Perkin Medal are officers of the 
American Section, Society of Chemi- 
cal Industry, and representatives of 
A.L.Ch.E., A.C.S., Electrochemical So- 
ciety, and the American Section of the 
Societe de Chimie Industrielle. Chair- 
man of the jury was Harry B. McClure, 
executive vice-president of Carbide & 
Carbon Chemicals Corp. On Jan. 15, 
1954, the forty-eighth impression of the 
Perkin Medal will be presented to Dr. 
Adams at a meeting of the American 
Section of the Society of Chemical In- 
dustry at the Waldorf-Astoria Hotel, 
New York. 
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thick and a 2,000,000-volt Van de Graoff x-ray 


WALKER AWARD 


(Continued from page 17) 


of chemical engineering at the Univer 
sity of Wisconsin, Dr. Marshall taught 
graduate courses, conducted 

and directed graduate students. 

In July, 1953, he assumed his present 
titles and was also made associate direc- 
tor of the Engineering 
Station at Wisconsin. 

In his work on drying, atomization, 
and heat transfer, Dr. Marshall has pub- 
lished over thirty papers. He is also co- 
author of the Drying Section of Perry's 
“Chemical Engineers’ Handbook” and 
of a text, “The Application of Differ 
ential Equations to Chemical Engineer- 
ing Problems.” His present work in- 
cludes completion of a book on the prin- 


research, 


Experiment 


ciples of drying and of the monograph 
“Spray Drying and Atomization,” much 
of the material from which was pre- 
sented in 1952 as the fourth Institute 
Lecture, at the Cleveland meeting. This 
work will be published in the Chemical 
Engineering Progress Monograph Ser 
les next vear. 

Currently chairman of the A.I.Ch.E. 
Committee on Equipment Testing Pro- 
cedure, W. R. Marshall is also a mem- 
ber of the American Society of Univer- 
sity Professors, American 
Engineering Education, and American 
Chemical Society 


Society of 


(Continued on page 44) 
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AN AWaRD 


Carbide and Carbon Chemicals 
Corporation 
AMERICAN SYN THA RUBBER INDUSTRY 
\ 


= 


IN 1933 Carbide received the first Chemical Engineer- 
ing Achievement Award, This recognized the beginning 
of commercial production of much-needed chemicals 
from petroleum and natural gas— which proved to be 
the beginning of the American petrochemical industry. 


HISTORY REPEATS 


Carbide has received the 1953 Chemical Engineering 


Now, just twenty years later, 


Achievement Award for “the first successful produe- 
tion of chemicals from coal by a high pressure hydro- 
genation process.” 

In minutes, coal becomes gases and liquids rich in 
needed chemicals —*tone of the major contributions 
in this century to the well-being of us all.” 

Some of these chemicals are used in making plastics, 
synthetic rubber, pharmaceuticals, vitamins, and many 
other things. Others are completely new and hold great 
promise. 


ELECTROMET Alloy 
Py ROFAX Gas 


SYNTHETIC ORGANIC CHEMICALS 
EVEREADY Flashlights and Batteries 
BAKELITE, VINYLITE, and KRENE Plastics 
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Awards that foretell your gain 


Chemicals from coal hydrogenation... 


...aeclaimed the 1953 Chemical Engineering Achievement! 


UCC’s Trade-marked Products includ+ 

HAYNES STELLITE A 

DyNel 
Prest-O-Lire Acetylene 


ind Metals 
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AN AWARD 


Carbide & Carden Corporation 


ATOMIC) 


PROJECT 


FOURTH RECOGNITION — Carbide is the first two- 
time individual recipient of this award. It also is the 
fourth time the people of Carbide have been recog. 
nized, for they shared in two previous group awards— in 


1943 for synthetic rubber, and in L946 for atomic energy. 


TRUE SIGNIFICANCE 


ing Achievement Awards, coal hydrogenation was recog. 


As in all Chemical Engineer- 


nized not as the accomplishment of any one individual 
but as the result of the cooperative efforts of many, 
The people of Union Carbide appreciate the reeog- 
nition of their achievement by the distinguished Com- 
mittee of Award, composed of senior chemical engi- 


neering educators. 


Union CarBIDE 


AND CARBON CORPORATION 
SO RAST STREET NEW YORK 17, N. ¥ 


PRESTONE Anti-Freeze 
UNION Carbide 


LINDE Oxygen 
NATIONAL Carbons 
ACHESON Electrodes 


Textile Fibers 


1943 | 1946 
| 


Control of Steam 
Vacuum Jet 


REG, U.S. PAT, OFF, 


OUR CATALOG "B" WiLL 
HELP SOLVE PROCESS 
CONTROL PROBLEMS 


> 


AMMEL-DAHL COMPANY : 


SALES OFFICES IN ALL PRINCIPAL CITIES 
ACTURING PLANTS IN WARWICK, R. 1, U. 5. CANADA, ENGLAND, FRANCE AND 
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This “C.E.P.” information service is a convenient 
way to get the chemical engineering information 
you need on new equipment, on advertised 
products, on the newly announced developments 
reported on these pages. A one post card in- 
quiry designed to bring data quickly and easily. 
Circle the items of interest, sign your name, 
position, address, etc., and drop in the mail 


Aq 
Pred TIM 
apeisog 


Just a moment is needed to learn how to use 
this insert. When looking through the front 
part of the magazine pull the folded portion 
of the insert out to the right, and the numbers 
on the post cord are convenient for marking. 


490445 4599 OTL 
ONINIINIONI TWIIWIHD 


as you pass the pullout poge, and it is on 
the left, fold the post card back along the 
vertical scoring, ond once again the numbers 
are handy for circling. 
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PRODUCTS 


Dryers 

Custom-designed and tested dryers. 

Louisville Drying Machinery Unit, General American 
Transportation Corp. 


Instrumentation for Variables 
For the measurement and control of variables. 
Fischer & Porter Co. 


Dryers 

Metal-to-metal seals, choice of materials, anti-friction 
bearings. Bulletin. 

Standard Steel Corp. 


Continuous Centrifugals 

Instantaneous selection beach speed from 0 to 300 in. 
per min. Choice of seven different pool depths. Liter- 
ature. 

Tolhurst Centrifugals Div., American Machine and Metals, 
Inc. 


Gate Valves 

Exelloy trim for oil and oil vapor services. Sizes 2 to 
24 in.; screwed, flanged, welding ends. Catalog. 

Crane Co. 


Heat Transfer Medium 

Dowtherm for chemical, paint, petroleum, food and 
other process industries. 

Dow Chemical Co. 


Acid-Proof Metal 

Tantalum, for most acid solutions and corrosive gases 
or vapors except HF, alkalis, or substances containing 
free SOs. 

Fansteel Metallurgical Corp. 


Processing Kettles 

Available in research laboratory to test new processes 
and new products. Kettles perform a number of basic 
operations; heating, cooling, mixing, extracting, re- 
acting, distilling, evaporating, drying, and solvent 
recovery. Vacuum, atmospheric, or pressure oper- 
ations can be provided. Booklet. 

Buflovak Equipment Division 


Plug Valves 

Teflon or rubber-faced plugs. Made in almost all metals, 
rubber-lined models, sizes from V2 in. to 20 in. 

DeZurik Shower Co. 


Large-Capacity Filters 
Vertical and horizontal pressure-leaf filters from 20 to 
1500 sq. ft. 


Niagara Filters Div., American Machine and Metals, Inc. 


Wire Cloth 

Available in all the commercially used metals. Sizes 
ranging from 4 in. (space cloth) down to 400 mesh. 
Catalog E 

Newark Wire Cloth Co. 


Processing Facilities 

Production plants for high-temperature, high-pressure 
processes, involving corrosive materials. 

The Girdler Co. 


Celite Powders 

Absorb up to three times their own weight of liquid. 
Useful in preventing ammonium nitrate crystals from 
caking, in absorbing liquid insecticide poisons. and in 
controlling pitch trouble at paper mills. Information 
and samples. 

Johns-Manville 


1SA 


16A 


626A 


19A 


.24A 


27A 


28A 


29A 


31A 


Announcing New Plant 

For steam generators, heat-transfer and process equip- 
ment. 

Foster Wheeler Corp. 


Proportioning Pump 

For additives or chemical reagents. Built-in standard 
motor—no separate gearbox or couplings. Built-in oil- 
enclosed gear reducer. Bulletin. 

Proportioneers, Inc. 


Tower Packing 

Intalox saddle packing currently available in in., 
% in., 1 in. and 1¥2 in. sizes, white chemical por- 
celain or chemical stoneware. 

U. S. Stoneware Co. 


Filters 

Continuous vacuum filter for use in the production of 
soda ash. 

The Eimco Corp. 


Honeywell Instrumentation 

Cabinet dryers are controlled by panel of wet and dry 
bulb Brown thermometers. Composite catalog 

Minneapolis-Honeywell Regulator Co. 


Catalytic Cracking Units 

Design, engineering, construction for the chemical, petro- 
chemical and oil refining industries. 

Catalytic Construction Co. 


“Karbate” Equipment 

Heat exchangers, cascade coolers, centrifugal pumps, 
HCL absorbers, pipe and fittings. 

Nationa! Carbon Co. 


Sulphur 
The role of sulphur in the vulcanization of rubber. 
Freeport Sulphur Co. 


Tank Insulation 
Zerolite insulation for outdoor tanks and vessels. 
Johns-Manville 


Vacuum Pumps 

Equipped with gas ballast to assist in your water-oil 
contamination problems. Also high speed, low power 
pumps for metallurgical processes where large volumes 
of gases are liberated. 

Kinney Manufacturing Co. 


Piston-Diaphragm Pump 

Diaphragm isolates chemical being pumped from work 
ing pump parts. Variable flow results from variation 
in piston-stroke length. Bulletin. 

Lapp Insulator Co., Inc. 


Chemicals from Coal Hydrogenation 

Award for “the first successful production of chemicals 
from coal by a high pressure hydrogenation process.” 
Chemicals used in making plastics, synthetic rubber, 
pharmaceuticals, vitamins, and many other things. 

Union Carbide & Carbon Corp. 


Valves 

Features various valve installations in a Celanese process- 
ing plant. 

Hammel-Dah! Co. 


Graphite Anodes 

Graphite anodes for the electrolytic industry in making 
chlorine and caustic soda for antiknock compounds 

Great Lakes Carbon Corp., Electrode Div. 
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plating, metal quenching, die cooling, rubber mixing. 1O7 108 109 110 111 112 114 115 116 117 
ie The Trane Co. 
Advertisers’ Products 
49R Filtration 0 
Engineering and equipment. Sizes from 100 sq. ft. to oA 
Sparkler Manufacturing Co. 24A 27A 2A 2A SIA 33A BMA 
als 45A 47A 49R S53A SAL 55A 
Provide thorough dispersion of ingredients in pharma- 5S7A S8L SPR GIR 63A 65T 658 
er, ceutical compounds. Available in capacities up to 66T 668 67R 681 69T 698 7IR %72T 728 
750 gal. 73TR 73BR IBC OBC 
Read Standard Corp. 
SIA Water Treatment Chemical Engineering Progress Data Service 
Conventional and high-rate units for every water treat- 
ment problem. Bulletin. a 
Stainless Tubing 
Seamless or welded stainless tubing in any number of 


The Babcock & Wilcox Co., Tubular Products Div. 
1 want subscription. Bill me $6.00 for yeor. 
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PRODUCTS (continued) 


Technical Molybdenum Trioxide 

The raw material for the production of all molybdenum 
compounds. 

Climax Molybdenum Co. 


Sealless Pumps 

No stuffing boxes, no lubrication. Available in 1/3, %, 
1, 2, and 3 horsepower sizes. 

Chempump Corp. 


Durcopumps 

For heavy-duty chemical service, high silicon iron or 
stainless steel alloy to fit your corrosion problem. 
Bulletin. 

The Duriron Co. 


Antifoam 

Silicone defoamer in recirculating cooling brines, bottling 
soft drinks, varnish cooking, textile resin backings, 
and steel pickling baths. Free sample. 

Dow Corning Corp. 


Spraco Nozzles 

Full cone, flat spray and hollow cone spray nozzles. 
Catalog. 

Spray Engineering Co. 


Fume Washers 

For difficult gas and fume elimination problems under 
extremely corrosive conditions. 

Maurice A. Knight 


Color Comparetors 

For phosphete, pH, chlorine determinations. 96 page 
book. 

W. A. Taylor and Co. 


Pyrex Cascade Coolers 

Resistant to virtually all acids (except hydrofluoric) and 
mild alkalies. Also pipe, fractionating columns and 
other plant equipment. 

Corning Glass Works 


Paracoil Heat Exchangers 

Special equipment, pilot plant units or plant moderniza- 
tion programs 

Davis Engineering Corp. 


Special Filtering Problems 

Packaged plant for continuous filtration of molten phos- 
phorus. Also standard filtering problems. Bulletin. 

R. P. Adams Co., Inc. 


Proportioning Pumps 

7,500, 15,000 or 30,000 Ib./sq.in. working pressure by 
the interchange of piston and cylinder assemblies. 
Bulletins. 

American Instrument Co., Inc. 


Industrial Balances . 

Micrometer-poise balance for speedy determination of 
weight. 

Ohaus Scale Corp. 


Process Piping 

Fabricated from complete range of alloys, any diameter 
up to 60 in., and in any shape. 

The Pressed Steel Co. 


Polyethylene Pumps 

Fluid contacts only outer surface of molded flexible 
liner and inside of pump body block. From fractional 
to 20 gal./min. 

Vanton Pump and Equipment Corp. 
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Air Classifying Systems 

With a Hardinge superfine classifier, a 992% passing 
325 mesh product is obtainable. Also makes tricone, 
tube and rod mills. Bulletin. 

Hardinge Co., Inc. 


Furane Resin Cement 
A mortar for corrosion-resistant masonry. Folder. 
Delrac Corp. 


Nicholson Traps 

Five types for every application, process, heat, power. 
Sizes V4 in. to 2 in.; pressures to 250 Ib. 

W. H. Nicholson & Co. 


Vitreous Silica Tubing 

Chemically inert tubing, available in four qualities: trans- 
parent, sand surface, glazed, and satin surface. 
Bulletin. 

The Thermal Syndicate Ltd. 


Pumps 
To handle abrasive, corrosive, thick or hot liquids. 
Nagle Pumps, Inc. 


Laboratory Planning 

“Labritecture” offers a basic method in laboratory plan- 
ning, modernization, and expansion. Catalog. 

Metalab Equipment Corp. 


Temperature Controls 

High temperature safety alarm or cut-out. Ranges from 
— 300° F. to + 1800° F., electric or pneumatic. 

Burling Instrument Co. 


Evactors 

Steam jet vacuum units provide pressures ranging from 
@ few inches to a few microns. 

Croll-Reynolds Co., Inc. 


Chemical and Process Equipment 

Towers, heat exchangers, pressure vessels and special 
piping. 

The Vulcan Copper & Supply Co. 

Mixing Equipment 

Laboratory, portable, top entering, side entering mixers. 
Catalogs. 

Mixing Equipment Co., Inc. 


CHEMICALS 


Vyflex. Rigid polyvinyl! chloride, Vyflex, containing 
organic-type stabilizer. High strength, resistance to cor- 
rosion. Lends itself to sawing, turning, drilling, vacuum 
forming. Can be fabricated by hot-gas welding. Kaykor 
Industries, Inc., Division of Kaye-Tex Mfg. Corp. 


Industrial Chemicals. Bulletin from Commercial Solvents 
Corp. lists fifty-two industrial chemicals, formulas, physi- 
cal properties, uses, etc. 


Hydroxyethy! Cellulose. Powder form of Cellosize hy- 
droxyethyl cellulose commercially available from Carbide 
and Carbon Chemicals Co. White, water soluble, used as 
thickener, stabilizer, dispersant, binder. Two viscosity 
types. 


Chemicals Wall Chart. Wal! chart, showing composition 


& specifications of standard Chemi-Fats produced by 
Archer-Daniels-Midland Co. 


Polyvinyl! Chloride. Rigid, unplasticized polyvinyl! chlor- 
ide from Hartwell Co. Sheets, bars, pipe & fittings, 
other fabrications. Folder gives various properties, ap- 
plications, sizes, other data. 
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Lithium. Guide book on lithium & its compounds from 
Foote Mineral Co. Illustrated, gives analysis of each 
compound, uses, other pertinent information. 


Polyvinyl Chloride. Rigid polyvinyl chloride, Hysol 9000 
series, announced by Houghton Laboratories, Inc. Uses 
include fabricated piping, tubing, duct work, work 
tables, sinks. Folder lists properties. 


A 


Reichhold Chemicals, Inc. 
soluble resin capable of being heat dried. Composed 


water- 


of phenol alcohol, an alkyd resin, & ammonia. Permits 
thinning with water & application directly to metallic 
surface, clear or pigmented. Bulletin. 


Pickling Process. Nielco Laboratories, Ferr-O-Niel pick- 
ling process. Specially developed pickling acids & con- 
tinuous pickling without special disposal system. Elimi- 
nates pollution, corrosion, hazardous fumes. 


Glycol Ethers. Ansul Chemical Co. glycol ether pamphlet. 
All pertinent data plus information on analytical pro- 


cedures 


Filteraid. Carbon filtered, Nerofil, developed by Great 
Lakes Carbon Corp. for filtration of alkaline solutions. 
Free-flowing black powder yielding wet filter cake of 
18-21 Ib./cu.ft. density. High porosity & permeability 
plus resistance to alkaline solutions. Combustibility 


simplifies filter-cake disposal. 


Resin Cement. Furane resin cement, Resiment, for acid 
brick or tile mortar in corrosion-resistant tank linings, 
floors, sewers, towers, etc. Low porosity, high com- 
pressive & tensile strength, resistant to impact & 


abrasion. Richards & Webb, Inc. 


Acid Proofing. Brush or trowel application of phenolic 
resin to corrosion-proof concrete against acid & alkali. 
Available in color, resists heat, other advantages. 
Leaflet. Carboline Co. 


Vulcafillm. From B. F. Goodrich Co., Vulcafilm rubber 
film. Can be electronically sealed to itself; combined 
with various fabric reinforcements. Compound may 
be varied to resist oil, gasoline, sunlight, heat, cold, 


abrasion or acids. 


Rust Inhibitor. Rust-inhibiting oi! additive for protection 
to ferrous surfaces, available in commercial quantities 
from Atlas Powder Co. Protects stored equipment and 
machinery as well as those in use. 


BULLETINS 


Pumps. For circulating and boosting water and other 
clear liquids at medium and high heads, pumps from 
Peerless Pump Division. Available in 2- to 5-stage 
designs; head ranges to 1550 ft.; capacities to 300 
gal./min.; liquid temperatures to 300° F. Bulletin. 


Stainless Steel Equipment. Tanks fabricated from stain- 
less steel for textile, paper, chemical and other indus- 
tries from Rodney Hunt Machine Co. Bulletin lists sizes, 
diagrams, and iilustrations. a 


industrial Regional Development. Arthur D. Little, Inc. 
folder on programs for industrial-regional development. 


Waste Treatment. From Minneapolis-Honeywell Regu- 
lator Co. catalog devoted to instrumentation for water, 
sewage, and industrial waste. Illustrated. Sections on 
treatment processes requiring instrumentation. 
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Dust Control. Dracco Corp. A 40-page product bulletin 
covers industrial dust control and recovery. Presents 
technical information and data on solution of industrial 
dust collection problems. Specifications on five types. 


Valves. Catalog covering needle, globe, plug, check, 
relief, and special valves from Republic Mfg. Co. Added 
are gauge protectors and snubbers, bleeders, etc. 
Units made of brass, bronze, steel, stainless and 
aluminum alloy for instrumentation, aircraft, processing 


industries. 


Solenoid Valves. Covering 4-way packless poppet-type 
solenoid valve, bulletin from Automatic Switch Co. For 
applications demanding high-speed operation. General 


description, schematic drawings, etc. 


immersion Heaters. !mmersion heater for heating non- 
corrosive liquids and mixtures. Also acid tank heater 
featuring noncorrosive fused quartz body.’ Clepco- 
Glorod catalog with power calculating data. Cleveland 


Process Co. 


Engineering Handbook. 
offers 46-page book designed for use by engineers and 


Taylor Forge & Pipe Works 


designers with piping and pressure vessel problems. 
Sections on products, codes and standards, stresses, 


values. 


Liquid-Level Gauges. Bulletin on line of electronic re 
mote reading liquid-level equipment from Vapor Re 
covery Systems Co. Receivers in 36-, 48-, and 60-tank- 
capacity models. Schematic drawings, illustrations, de- 


tails. 


Turba Film Evaporator. Bulletin on the Rodney Hunt 
Machine Co. Turba Film evaporator. Charts and illus- 
trations explain use, dimensions and operation of unit 
Five models plus portable laboratory unit. Concentrates, 
distills, deodorizes, degasses, deaerates. Liquids, gases, 
slurries. 


Conveying and Mixing Equipment. Link-Belt Co. pub 
lication on conveying and mixing equipment for chemi- 
cal flocculation at water, sewage, and industrial waste 


treatment plants. Layouts and selection tables. 


Welded Floats. W. H. Nicholson & Co. welded floats 
of stainless, Monel- and chrome-plated steel in variety 
of shapes and sizes. Folder. Weights, buoyancies, pres- 
sures, and other information. 


Package Conveyor. A. B. Farquhar division of Oliver 
Corp. conveyors for handling all types of materials. 
Ilustrated bulletin shows and describes all models, 
gives details and cutaway views. 


Extruded Plastic Parts. 
ethocel, Lucite, styrene, nylon, etc., from Anchor Plastics 


Thermoplastic parts including 


Co. Brochure on applications of rods, tubes and shapes, 
sections on range and size and fabrication facilities. For 
designers and engineers. 


Plastic Parts. Machined plastic parts of polystyrene, 
Teflon, formica, Kel-F and nylon from Tri-Point Mfg. & 
Developing Co. Folder gives details. 


Grinding & Pulverizing Machinery. Abbé Engineering 
Co. complete catalog binder of various products for 
pulverizing, grinding, dispersing, mixing, etc Hlus- 
trated, descriptions, & data. 


Mechanical Conveyors. Jeffrey Mfg. Co. mechanical- 


vibrating conveyors for feeding, conveying, other 
process operations. For use where belt, spiral, & other 
mechanical conveyors are not adaptable. Handles hot 


& abrasive materials. Illustrated bulletin. 
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Reference Manual. Benjamin Foster Co. reference 
manual describing thirty-six Foster coatings & adhesives 
for industrial insulations. Technical data, recommended 
uses, For engineers working with thermal installations. 


Trojan Loadster. Leaflet from Contractors Machinery Co., 
Inc. on Trojan loadster for traveling, dumping & loading 
operations. Bucket action. Specifications, dimensional 
diagram, other details. 


Adjustable-Speed Drive. Reliance Electric & Engineering 
Co. From % to 3-hp. drive for powering small industrial 
equipment. For designers of small machines, process 
engineers, production men. Bulletin features eleven 
typical applications. 


Techlopedia. From Techniflex Corp., Techlopedia, 
monthly encyclopedia of technical information. Contains 
important discussions & mathematical analyses on 
process & design problems. 


Packings. Mechanical goods division of United States 
Rubber Co. catalog on installation & care of packings. 
Selection tables, metric engineering & conversion charts. 


Electrical Equipment. (44) Power for electrolytic proc- 
esses, subject of a booklet from Westinghouse Electric 
Corp. Selection of conversion equipment, operating 
voltage, and other pertinent details. (45) Ignition Recti- 
fiers. Illustrated bulletin details required information, 
gives schematic drawings, etc. 


Pump Drive. Johnson Gear & Mfg. Co., Ltd. right-angle 
turbine pump drive. Bulletin gives views, features, & 
other products. 


Control Valves. Shear-Seal fluid control valves from 
Barksdale Valves. Illustrated folder gives detailed 
description, diagrams, sizes, etc. For water, air, 
hydraulic oil, fuel, gas, petroleum. 


T™ DorrClone. (48) The Dorr Co. announces the TM 
Dorr-Clone. Cylindro-conical classification unit utilizing 
centrifugal force instead of gravity. Separations in the 
2-to-20-4 range. Sectional elevation drawings & pic- 
tures of individual components of unit. (49) Leaflet on 
Fluosolids Roasting of Zinc Concentrates, describes a 
new method of roasting concentrates for electrolytic or 
retort zinc production. 


Filter Cloth. National Filter Media Corp. has assembled 
booklet on filter cloths. Pages on cotton, Orlon, Vincel, 
Dynel-Nylon, other filter cloths. Details characteristics, 
physical properties, applications. 


Angle Valves. Bulletin on Venturiflo angle valves from 
Hammel-Dah| Co. Handle viscous fluids, slurries, dirty 
solutions. No seat ring bridge. Gives valve capacity 
close to that of line. Illustrated folder gives dimensions, 
details of construction, schematic diagram. 


Mechanical Seal. Byron Jackson Co. line of mechanical 
seals. Single, double, balanced or unbalanced seals. 


Complete descriptions, schematic crawings of each type 
of seal & accessories. Also shows installations in pumps. 


Conveying Systems. fFuller-Kinyon conveying systems 
from Fuller Co. Used for conveying from pulverizer 
mills or collector conveyors to storage or packer bins; 
loading & unloading cars, ships, barges. Also for mixing 
& blending dry-cement raw materials. 


Gate Valves. Vernon Tool Co., Ltd. announces gate valves 
by its Greenwood Valve Division. Line blind valves has 
metal seats between gate & valve body, forming posi- 
tive shutoff. O-rings of synthetic rubber meet petroleum 
Inc. Available with flanged or welding ends. For liquid 
requirements. Cast steel & built to A.S.A. specifications. 


Pipe Protection. For all exposures, Hill, Hubbel! and 
Co. coat & wrap pipe to specification. Illustrated folder 
shows & describes steps in process. 


Expansion Joints. Packless expansion joint rigid against 
all movement except axial, American District Steam Co., 
Inc. Available with flanged or welding ends. For liquid 
& gas lines in petroleum & chemical processing plants, 
factories, power plants, etc. Illustrated folder. 


Jacketed Fittings. Red Jacket Co., Inc. fittings & pipe 
jacketed with carbon molybdenum, chrome steels, chrome 
nickel steel, Monel, & nickel. Illustrated pages on each 
part, plus tables of sizes, weights, etc., in folder. 
Diagrams of individual types. 


Specialized Equipment. For chemical petroleum, gas, & 
power industries, specialized equipment manufactured 
by J. F. Pritchard & Co. Cooling towers, heat ex- 
changers, gas & air-treating equipment. Bulletin also 
covers design, engineering, construction & processing 
services. 


Diesel Engines. Nordberg Mfg. Co. type TS-21 Diesel 
engines. Sizes from 2,550 hp., 1,800 kw. to 6,150 hp., 
4,400 kw. 


Oil Filter. Loose-leaf catalog from Purolator Products, 
Inc. illustrates products, includes specifications & other 
data sheets on individual products in line for use in 
all types of motor vehicles. 


Agitator Drives. Pacific Western vertical agitator 
drives — double & triple reduction for 24-hr. heavy-duty 
service. Table of horsepower ratings, diagrams of 
various models. For agriculture, food, paint, paper, 
textile, etc. industries. 


Industrial Mixers. Multiduty, batch & other mixers, & 
side-entry agitators, of Conn and Co. Illustrated folder 
lists applications, available sizes of each item, other data. 


Metai Products. Littleford Bros., Inc. fabricators of plate 
& sheet metal products of carbon or stainless steel, 
aluminum, & other alloys. Bulletin. 


Water Sofieners. Folder from Illinois Water Treatment 
Co. on green sand, zeolite, water softeners. Details on 
composition, applications, selection table on types. 


Laboratory Pump. Eco Engineering Co. pumps for labora- 
tories or pilot plants. Small volume feeding, for pres- 
sures to 150 Ib./sq.in. Positive—displacement type. Two 
sizes, % in. ports & 2 or %4 in. ports. For clear viscous 
fluids, emulsions & solutions. All Chem pump in all 
Teflon & stainless steel. 


Wire Cloth. Plain, Twill, Dutch, or special weaves in all 
metals & finishes. Fine wire cloth 10 to 325 x 325 
mesh. Unique Wire Weaving Co., Inc. 


Gaskets & Accessories. Fabricated from Teflon & im 
pervious to chemicals other than molten alkaline metals, 
fluorine, & chlorine trifluoride. For chemical, pharma- 
ceutical, or food production. Folder describes design, 


products, other pertinent information. United States 
Gasket Co. 
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Measuring Equipment. Genera! Electric Co. revised 
64-page catalog of measuring equipment. Indicators, 
oscillagraphs; surface roughness scale, mass spectro- 
meters; d-c amplifiers, radiation monitors, etc. De- 
scription of each product, application, tables of character- 
istics. 


Oxygen-Measuring Equipment. Leeds & Northrup Co. 
equipment for oxygen-measuring problems. Records, 
aids in maintaining correct O, for combustion, & in 
various operations. Accuracy to +0.05% permits precise 
analysis of operation 


Floor Gratings. Variety of floor gratings & safety steps 
in steel, aluminum, stainless, & other alloys. Illustrated 
catalog gives ordering suggestions, specifications, cut 
away views, construction details. Borden Metal Prod 
ucts Co. 


Centrifugal Separators. Catalog of A. W. Bannister Co., 
Inc. Dustmaster centrifugal separators. Remove dusts, 
decrease maintenance costs, increase productivity. Also 
as precieaners for filters & electric precipitators. Cutaway 
views, tables, etc. 


Laboratory Flowmeters. Specification sheet from Potter 
Aeronautical Co. on laboratory flowmeter systems. 
Variety of types illustrated. Operating principle, speci- 
fications given. 


Regulators. Catalog of pressure & temperatue regula- 
tors, self-cleaning strainers. Spence Engineering Co., 
Inc. Two-color cutaway views, selection hints, pipe 
flow formulas, capacity tables, flange standards. Service 
steam, air, gases, water, other liquids. 


Radiant-Convection Furnaces. PetroChem Development 
Co. describes the Isoflow radiant-convection-type fur- 
nace. Design is upright cylindrical steel structure with 
integral self-supporting stack. Even radiant-heat dis- 
tribution, increases flue gas velocity at upper section. 


Laboratory Press. Small-scale tests in research & de- 
velopment operations. Fred S. Carver, Inc. laboratory 
press. For general use with various types of auxiliary 
equipment & parts. Also 20-ton & laminating presses, 
& items of specialization. 


High-Vacuum Pumps. Binder insert catalog from Inter- 
national Pump & Machinery Works on high-vacuum 
pumps. Specification sheets on each type made 
Pumps feature speed, production, reduced maintenance 
Simply constructed, lubrication is automatic. 


EQUIPMENT 


Stress Data. For engineers designing or operating tubu 


lar equipment at elevated temperatures & pressures. 
Data card shows maximum allowable stress values for 
complete range of seamless & welded carbon, alloy & 
stainless steel tubing & pipe. Adaptation of new 
A.S.M.E. boiler code. Babcock & Wilcox Co. 


Recording Turbidimeter. For automatic measurement & 
recording of number of particles suspended in liquids, 
recording turbidimeter from General Electric Co. Used 
with audible or visible alarm wherever turbidity is a 
factor. Adjustable over wide range, splash-proof con- 
struction. Semi-null balance system. 


Gas Generator. Announced by Baker & Co., Inc., re- 
design of Nitroneal gas generator for production of 
nitrogen. Lowers gas dew point from -+-75° F. to 
-++- 40° F., permitting less expensive driers. Reacts 


ammonia with air in presence of catalyst. 


Storage Tanks. Aluminum Co. of America new standard 
tanks for storing materials at atmospheric or low pres- 
sure. Capacity range 5,800 to 16,400 gal.; horizontal 
& vertical types; 10-ft. diam. Made from V4 in. welded 
3-S aluminum alloy. 


Centrifugal Pump. A solid plastic centrifugal pump 
from Mission Mfg. Co. Formed of phenol-formaldehyde 
resin or furfuryl aicohoi resin & inert filler of asbestos 
or graphite. Handles acids, bases, salts, solvents, other 
chemicals. Solid plastic concentric casing with solid 
plastic semi-open impeller. 


Linear Position Transducer. North American Instru 
ments Inc. Northam linear position transducer. Converts 
linear motion or position into proportional electrical 
signal or remote indication or control. 


Compressors. Pennsylvania Pump and Compressor Co 

sectionalized cylinders for air & gas compressors 

Arranged in three pieces, has inlet & discharge valves 

in fronthead & backhead. Easily disassembled, liner 

may be removed without disconnecting inlet or dis-~ 
charge air piping. 


Dehumidifiers. Vi-Speed dehumidifiers. Self-adjusting 
nozzle coupled with nonciogging aspirator. Stabilizes 
unit during variable air pressures & volumes for con- 
stant removal of injurious liquids, solids, other contami- 
nants. Brochure available. Van Products Co 


Metal Data Sheets. Wall Colmonoy Corp. series of data 
sheets for the chemical industry. Application of Col- 
monoy nickel-base & iron-base hard facing & Spray- 
welding alloys resistant to corrosion, abrasion, impact 


& galling. 


Arc Welding. Reference table for fabricators of tubular 
materials, published by Babcock & Wilcox Co. Details 
for joining similar & dissimilar alloys by arc welding 
Covers carbon, intermediate chromium molybdenum 
alloy steels, etc. 


Water Heaters. Three series of cylinder-type & two 
series of table-type automatic electric water heaters 
from Servel, Inc. Capacities 30 to 80 gal. according to 
type. One or two heating elements. 


Oxygen & Combustibles Analyzer. Bailey Meter Co 
combination oxygen & combustibles analyzer for in- 
formation on combustion. Acts as safety guide to pre- 
vent lighting off of unpurged gas-fired combustion 
chambers. Analyzes %O,. & % combustible, 


Relief Valve. From Eclipse Fuel Engineering Co. piston 
type, oil relief valve for regulating pressure on closed 
flame gas-oil burners, Eliminates chattering & pulsation. 


Rotary Feeder Air Lock. For handling bulk material 
under high pressure or vacuum in the chemical & food 
processing industries, rotary feeder air lock available 
in cast iron, stainless steel, or Monel from Hening & Co 
Seal may be spring loaded, of neoprene, rawhide, 
asbestos, or Teflon, run dry or lubricated as required 


Rotor has six pockets or more, vanes are hard surfaced 
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Packaged Unit Spray Dryers. Packaged unit spray dryers 
offered by Foster D. Snell, Inc. Revised edition of book- 
let shows diagrams of conventional drying compared 
to spray drying. 


Pressure Feeder. Individually designed differential pres- 
sure feeder from John T. Collins & Co. For free-flowing 
or slow-moving materials. Gates & chokes open auto 
matically. When mechanically closed, gates are locked 
& sealed against loss of pressure or vacuum. Carbon 
or stainless steel. 


Viscosity Control. For automatic, instant, & continuous 
measuring, recording, & control of viscosity, Ultra- 
Viscoson. Folder lists features, describes operating 
method; specific applications. Bendix Aviation Corp. 


Industrial Pump. for general industrial service Ajax 
Iron Works pump, 200 to 400 rev./min. Delivers 12.5 
gal./min. at 100 rev./min.; to 50 gal.min. at 400 
rev./min, maximum pressure 2,050 Ib./sq.in. Fluid end 
sectionalized & separate from power end. 


Temperature Controls. For measurement of dynamic pres- 
sures at extreme temperatures, Control Engineering 
Corp. water-cooled pressure pickup. Can be exposed 
fo gas temperatures of +4- 5,000° F. without damage. 
Heat transfer rate for entire face of unit is 11 B.t.u./ 
(sq.in.) (sec.) with cooling water temperature rise of 
85° F. Exposed parts stainless steel. 


Analog Computer. From Berkeley division of Beckman 
Instruments, Inc. Ease analog computer. Simulates 
electronically, physical systems. Either theoretical or 
empirical formula set up in computers. Uses variation of 
coefficient potentiometers. 


Ultracentrifuge Cell. For measuring sedimentation con- 
stant of slow component moving in presence of a fast 
one, new Spinco synthetic-boundary ultracentrifuge cell. 
Extends range of ultracentrifugal analysis down to mole- 
cular weight of about 10,000. Specialized Instruments 
Corp. 


Pneumatic Conveying System. Unit for handling bulk 
materials from Sprout, Waldron & Co., Inc., Pneu-Vac, 
a draw-through system. Fan mounted on top of long- 
cone collector. Rotary-vane feeder-valve at base of 
collector. Individually engineered. Bulletin supplies 
details. 


Spectograph. Bausch & Lomb Optical Co. A 1.5 meter 
stigmatic grating spectrograph for use in small firms, 
hospitals, colleges, high schools. Two models provide 
different dispersions, resolving powers, plate coverages. 
Analyzes nonferrous materials. Also suitable for com- 
plex spectra of unalloyed gray irons, etc. 


Sigmamotor Pump. Larger model Sigmamotor pump to 
handle tubing to 1-in. diam. Hinged top permits tubing 
to be placed against fingers for pumping without dis- 
connecting either end. Pumps liquids, gases, or solids 
in solution, 45 to 250 gal./hr. at 500 rev./min. Handles 
corrosive liquids or liquids with abrasives in solution. 


Sealing Ribbons. Bulletin from Minnesota Mining & Mfg. 
Co. covers weatherproof, watertight, synthetic rubber 
fabric-+veinforced sealing ribbons. Available in 100- & 


200-ft. rolls. Data on specifications for thirteen sizes 
from Va to 2 in. wide and 1/32 & 1/16 in. thick. 


Liquid Level Control. instruments, Inc. announces con- 
troller giving on-off signal with level rise. Works with 
viscous fluids. Detects liquid or foam level; sensitivity 
adjustment permits reaction to or ignoring of foam. 
Self-contained except for probe. Cables from 52 to 
100 ft. 


Overload Device. Lamson Corp. device protects chain 
drives from overload by tripping limit switch when 
tension on drive leg occurs. For process engineers in 
metal working, chemical, food, paper, & textile in 
dustries. 


Thermo Electronic Recorder. Thermo Electric Co., Inc. 
thermo electronic recorder—potentiometer pyrometer & 
resistance thermometer bridge types. Ranges from 
- 100° to + 3,000°F. Also suitable for recording 
humidity, solution conductivity, speed, pH, etc. 


Electrivolume Meter System. Buffalo Meter Co. intro- 
duces Niagara Electrivolume metering system for flow 
measurement. Designed for particular liquid base, cold 
& hot water base, viscous or nonviscous. Also corrosive 
chemicals. Catalog available. 


Nylon Filter Cloths. Nylon filter cloths of high tensile & 
bursting strengths, light weight, & minimum shrinkage 
Replaces 10-ply cotton cloth. Available to 90 in. wide, 
in any desired length. Robert Brautigam Sons. 


Corrosion-Resistant Pump. Vanton Pump Corp. new 
series pumps utilize buna N hard rubber body block for 
temperatures to 225° F. Resistant to corrosive acids, 
caustics, & organic solvents. Eliminates stuffing boxes & 
shaft seals, check valves, & gaskets. 1/3 to 20 gal./min., 
pressures 0 to 60 Ib./sq.in. 


Automatic Graph Plotting. From International Business 
Machines Corp. an automatic graph plotting booklet. 
Describes how wheel printing feature of IBM type 407 
machine is utilized for plotting graphs from information 
punched on IBM cards. 


Time-Temperature Controller. Bristol Co. recording 
potentiometers as time-temperature program controllers. 
Regulate temperature predetermined according to sched- 
ule of changing values. Heating, cooking, or soaking 
cycle accurately maintained. Temperature schedule pre- 
scribed by contour of transport plastic cam. 


Sump Pump. Folder on 11/2 in. Galigher Co. acidproof 
sump pump. Handles acid sludges, corrosive & foamy 
products with solids in suspension. Also pumping 
where heads to 35 ft. & flows to 75 gal./min. are 
required. Operates till sump level falls below lower 
suction cover. Empties tanks to 22 in. from bottom. 
Neoprene & special rubber compounds available. 


Thermocouple Head. Newly designed thermocouple 
head announced by Claud S. Gordon Co. Installation 
& service conveniences. Temperatures to 900° F. in 
continuous service. Binder page insert gives other 
details. 


Miniature Indicators. Fischer & Porter Co. describes 
construction, installation, & design features of remote 
miniature indicator in bulletin. Over-all height of 
indicator face 54 in.; scale 5% in. long. Method of 
setting up control transfer station; other pertinent data. 


Vibrating Feeder. Vibrating solids feeder with extra- 
wide range of outputs from Richardson Scale Co. Turns 
out 1 to 20 cu.ft./min. of grain, feed, rock, fertilizer, 
chemical products. Motor Ve hp. Feed rate controlled 
by hand lever. 
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for the Petrochemical Industry 


Chlorine is of swiftly growing importance in the produc- 
tion of many new and revolutionary petrochemicals. 


Swiftly growing, too, is the use of uniformly high quality 
GLC GRAPHITE ANODES— in helping the electrolytic 
industry meet the increasing civilian and defense needs 
for chlorine and caustic soda. 


ELECTRODE DIVISION 

Great Lakes Carbon Corporation 

Niagara Falls, N.Y. EGLCa Morganton, N. C. 
» 


Courtesy Jefferion Chemical Company Inc. 


Graphite Anodes, Electrodes, Molds and Specialties 
Sales office: Niagara Falls, N.Y. Other offices: New York, N. Y., Oak Park, Ill., Pittsburgh, Pa. 


Sales Agents: J. B. Hayes, Birmingham, Ala., George O'Hara, Long Beach, Cal., Great Northern Carbon & Chemical Co., L'd., Montreal, Canada. 


NEWS 


(Continued from page 32) 


MONSANTO TO PRODUCE 
POLYETHYLENE IN TEXAS 


The first polyethylene production 
plant to be built by Monsanto Chemical 
Co. will be situated at City, 
Texas, according to a recent announce 
ment by Robert K. Mueller, 
manager of the Plastics Division. 

I:xpected to be on production by the 
1954, the plant will have an 
estimated capacity of 66 million Ib., 
which will increase by 50% in 1957. 

Ethylene, the raw material for this 
production, will be supplied by Mon 
santo’s existing Texas Division, which 
produces styrene, vinyl chloride, and 
acrylonitrile at this location. 


Texas 


general 


end of 


CHEMICAL ENGINEER; 
MEET IN GERMANY 


About seven hundred German engi 
neers participated last month in the an- 
nual chemical engineering conference, at 
Karlsruhe, sponsored by the technical 
societies V.D.I., D.E.C.H.E.M.A., and 
V.D.M.A. Held in conjunction with the 
celebration of the twenty-fifth anniver 
sary of the founding at Karlsruhe of 
Germany's first institute for research 
and instruction in chemical engineering, 
the convention offered papers on heat 
transfer, drying, brittleness, grinding, 
dimensional analysis, flow problems, ab- 
sorption, scale and crust formation, rec- 
tification, reaction apparatus, and prob- 
lems in the construction of the German 
Buna Rubber plants. 

The papers will be published in forth- 
coming Chemie Ingenieur 
Technik and Forschung auf dem Gebiet 
des Ingenieur-Wesens and in a pamphlet 
issued by D.E..C.H.E.M.A. 


issues of 


ORGANIC RESEARCH CENTER FOR 


STATISTICAL CONCEPTS 
COURSE AT RALEIGH, N. C. 


A special program of course work, 
lectures and seminars on statistics for 
engineers, physicists, and 
chemists sponsored by the In- 
titute of Statistics of the University of 
North Carolina during the spring quar- 
ter of 1954 (March 24 to June 4). The 
primary objective of this program is to 
industrial 
a working 
modern statistical 
cepts and techniques. Emphasis will be 
on the efficient experiments 
ind the analysis of data therefrom. In- 
formal seminars on statistical problems 
submitted by the participating students 
will be held. Regular college credit will 
be granted for work satisfac- 
torily completed. 

Guest lecturers will include 
J. Youden 2 ~d M. G. Kendall. 

For further imformation write to 
Institute of Statistics, North Carolina 
State College, Box 5457, Raleigh, N. C. 


esearch 
will be 


provide an opportunity for 


research workers to acquire 
con- 


knowledge of 


design ot 


course 


Drs. W. 


WOMEN ENGINEERS TO 
MEET IN WASHINGTON 


The national convention of the So- 
ciety of Women Engineers will be held 
in Washington, D. C., on March 5 
through 7, 1954. 

The theme of the meetings will be 
“The Woman Engineer’s Contribution 
in a Peacetime Economy,” and discus- 
sions will be held from the point of 
view of transportation, communications, 
home improvement, and machinery. 

Trips have been planned to the Na- 
tional Bureau of Standards, David M. 
Taylor Model Basin, and U. S. Navy 
Engineering Experiment Station. 

Inquiries can be sent to Ethel Levene, 
504 Winthrop House, Washington 6, 


ALLIED CHEMICAL & DYE CORP. 


The new organic research eseions and development center of the Nitrogen Division of Allied 
Chemical & Dye Corp. was opened last month in Hopewell, Va. Built at a cost of $1 million, the 


unit provides some 40,000 sq.ft. of working space adjacent to the company’s 
Two buildings house the laboratories, engineering staff, and experimental units. 


laboratory. 
An installation 


over the main entrances contains apparatus for automatically distilling water for laboratory use. 
Products of the Nitrogen Division include anhydrous ammonia, sodium nitrate, ammonium nitrate 


limestone, urea, 


nitrate and urea solutions, high-onalysis complete fertilizer, 


methanol, formaldehyde, ‘chlorine, and ethylene oxide and glycol. 
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TEACH-THE-TEACHER 
PROGRAM AT MEMPHIS 


A “Teach-the-Teachers”’ 
held in Memphis, Tenn., last month as 
part of the activity of the Chemical 
Engineering Education Projects Com- 
mittee of A.I.Ch.E. benefited from the 
experience of two firms Operating in the 
vegetable-oil industry, according to Dr. 
Frank A. Anderson, chairman, depart- 
ment of chemistry and chemical engi- 
neering of the University of Mississippi. 

The school was organized by M. 
Foster Moose, professor of chemistry at 
Southwestern College, Memphis, Tenn., 
and was attended by twenty-one chemi- 
cal engineering and chemistry teachers 
from the University of Mississippi, 
Memphis State College, Chrisian Bro- 
thers College (Memphis), Southwestern 
at Memphis, Murray State College, 
Kentucky, and Florence State Teachers 
College, Alabama. 

After a morning of talks by William 
Lassetter, editor of The Progressive 
Farmer; Otto Alderks, Buckeye Cotton 
Oil Co.; and William F. Schroeder 
Humko Co., the group toured the Holly- 
wood solvent extraction plant of the 
Buckeye Cotton Oil Co. (the first time 
that the plant has been opened to visi- 
tors) and the Humko Co. The subject 
of the conference was the processing, 
refining, and marketing of vegetable and 
cotton-seed oils. 


program 


NEW TITANIUM PLANT 
TO ADD TO U. S. OUTPUT 


A $25,000,000 titanium plant will be 
erected by Cramet, Inc., wholly owned 
subsidiary of Crane Co. of Chicago, ac- 
cording to a recent announcement. The 
new plant, it is reported, will increase 
national production of titanium sponge 
by 6,000 tons annually. Partial produc- 
tion is scheduled for 1954 and full pro- 
duction a year later. 

Production will include ingots of ti- 
tanium and titanium alloys as well as 
sponge. A large part of the initial out- 
put will be allotted directly and indi- 
rectly to the Air Force. 

Management of the new construction 
will be handled by Vitro Corporation of 
America. 

CANADA WILL HAVE NEW 
SYNTHETIC FIBER PLANT 


Construction of a $20 million plant 
for the manufacture of Terylene, a 
synthetic polyester fiber, has been an- 
nounced by Imperial Chemical Indus- 
tries, Ltd., of Canada. The plant, which 
is being built by The H. K. Ferguson 
Co., will be located at Millhaven, Ont., 
about 13 miles west of Kingston; com- 
pletion is expected early in 1955. 


(Continued on page 46) 
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dependable 
DrOCeSs | 
equipment 


Switching System permits 
bu | It continuous operation at 
full capacity A_ periodic 
condensate wash of all 


fit Our | , parts removes chemical 
scale. 


FOR CHEMICAL PLANTS 


Conkey Long Tube Film Type 
Evaporator concentrates foam- 
ing liquids and heat-sensitive 
materials. Operates efficiently 


at extremely low temperature 
differentials. 


PROCESS EQUIPMEN 
DOiviSiONn 


GENERAL AMERICAN TRANSPORTATION CORPORATION 
Seles Office: 10 Fast 49th Screet, New York 17, New York 
General Offices: 145 South La Salle Street, Chicago 90, Illinois 
in Conede: Canadian Locomotive Company, Led., Kingston, Ontario 
OFFICES IN ALL PRINCIPAL CITIES 


Other General American Equipment: Turbo Mixers e Filters e Dewaterers 


Towers e Tanks e Dryers e Pressure Vessels 
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WE 
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Process Equipment Division 


Quickly Removable 
Sectionalized Cyli-der 
Carbon Cylinder Liner 
) Accessible Cooling Passages 
Metallic Scraper Rings 

and Collar 

Dust Tight and Vented 

Air Cushion Valves 


) improved Cooling 


) Chrome Plated Piston Rings 
) Carbon Packing 


~ Extra Long Distance Piece, 


Stee! Backed 


© 


IS BEST FOR YOU 
OILFREAIR and OILFREGAS 
Compressors are Guaranteed to 

Ask for Bulletin 600 


Compress Air or Gas Fra2 of 
Any Trace of Oil or Oily Vapors. 


OILFREGAS® COMPRESSOR 


PENNSYLVANIA 


Pump & Compressor Co. 
EASTON, PA. 


Twrustrre ® 


| Private vs. Public Control of Atomic Energy 
Discussed at N.1.C.B. Meeting 


“The important 


thing is to provide 
legislation 


will be an incentive 
lor private capital to assume part of the 
load of field of 
nuclear power but which will not con- 
stitute a legislative straitjacket to tech- 
nological development,” 
Zuckert, member, U 


which 


exploration in the 


kugene M. 
S. Atomic Energy 
Commission, told the second annual con- 
ference on atomic energy in industry 
sponsored by the National Industrial 
Conference Board in New York re- 
cently. 

Another viewpoint was presented by 
Chet Holifield, Congressman and mem- 
ber, Joint Atomic Energy Committee, 
who said, “I am opposed to amendments 
which would alter the basic philosophy 
and concept of government responsi- 
bility as outlined in the 
Act.” 


“Any 


gressman 


\tomic Energy 
changes to be made.” Con 
Holifield continued, “must 
take into full account the role of atomic 
energy in national 
problems of atomic and in 
ventory control, the responsibilities of 
government to protect the health 
safety of the general public, and our 
both moral and contrac 
to our friends and allies, who are, 
in a sense, as much affected by all that 
we do as are the 
United States. 
“The our efforts in this 
(lirection requires a constant and vivid 


lefense, the special 
SCCUTITN 


and 


obligations 
tual 


citizens of these 


success of 


awareness of our dependence on tor- 
eign ore receipts for the full-scale 
operation of our vast atomic program. 
Other nations which with us 
to supply uranium accept the basic 
objectives of our Atomic Energy Pro- 
gram. Were we to make quick and 
drastic changes in the law which gov- 
erns this pre- 
mature and expectations 
of atomic power benefits under private 
control, these might be 
inclined to cooperate. Before we 
can seriously contemplate the 
sion of  fissionable 
weapon 


contract 


program, or to arouse 


exageel ated 
nations less 
diver- 
material to non- 


must be certain that 
security will 


Uses, we 
the national 
jeopardized.” 

After brief 
held this summer on 
development by 


in nowise be 
résumé of hearings 
atomic power 
the Joint Committee, 
Representative Holifield concluded, “I 
that the 
mission can take important steps under 


believe Atomic Energy Com- 
existing legislation to promote greater 
industrial participation in the atomic 
program. A_ healthy 
and continued interest on the 
part of private industry is the forma- 
tion of industrial teams to work in 


energy sign of 


active 
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cooperation with the Commission on 


atomic power possibilities.” 
Zuckert, 
at the 
\toniic 
legislation is 
a“ signal of intent of the 
national policy—a policy which 
blishes that we wish to do what is 
order to attract private 
capital and private enterprise. 

“Any legislation will have to give 
to the Commission considerable dis- 
cretion in order that we may be able 
response to 
developments within the industry. 


Commissionet 
the pro 
on changing the 
“that 
now as 


continuing 
round table 
Energy Act, 


neces- 


argument 
maintained 
sary 


esta- 


necessary in 


to move dynamically in 


“This does not mean that the Com- 
will be 


There are a 


able to act arbitrarily. 
many checks and 
balances built into the structure of the 
government., For example, before the 
could which 


mission 
great 


Commission take steps 


would involve any large-scale com- 
mitment of government funds, its pro- 
gram would approval 
trom both the executive and legislative 


branches of government.” 


have to have 


Other aspects of the use of atomic 
energy in industry were also considered. 
In discussing the safety 
reactors, John J. Grebe of Dow Chem- 
ical Co. explained that control should 


factor of 


be inherent in the design, as “the fuel 
elements being designed to operate at 
a fairly uniform inner temperature will 
expand as a result of phase transforma- 
with the flow 
Even if some of the fuel should melt, 


tion in line of sodium. 
a design can be: envisioned in which 
no harm would be done since we do not 
count on keeping the primary cooling 
circuit free from contamination. In 
fact, if the entire reactor were to melt 
down and circulate with the sodium, the 
design can be such that we count on no 
dangerous situation. We are even hop- 
ing to use this technique as a means 
of removing reactor elements by merely 
shutting down the flow of cooling so 
dium to any one element in order to 
melt it down for reprocessing. - 
The use of radioisotopes to improve 
automatic plant control was described 
by D. C. Brunton of Isotope Products, 
Ltd., who said, “In paper making, for 
example, basis weight is the most im- 
portant of three process variables. 
Now for the first time in paper making 
history, paper machines are put on 
automatic control. The measurement 
of basis weight niade by the beta 
gauge is fed back to control the pulp 
stock flow onto the paper machine.” 


(More News on page 54) 
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For larger jobs, choose CenTra- 
Vac—-this hermetic centrifugal 
refrigeration unit provides 45 
to 200 tons of refrigeration. Self- 
contained, completely automat - 
ic«Only one major moving part 


TRANE Reciprocating Compressor 
assures long life, quiet operation, 
simplified installation and main- 
tenance on any process or com- 
fort air conditioning system 
Capacities from 3 to 50 tons. 


Yours now from 

a single packaged 
unit—the new 
TRANE Cold- 


Generator 


New TRANE Cold - Generator eee 
factory assembled, tested . . . ready to install! 


Now you can have chilled water from a 
single package at a temperature exactly 
suited to electroplating, metal quenching, 
die cooling, rubber mixing . . . almost any 
industrial process. 

The new TRANE Coid-Generator com- 
bines the TRANE Reciprocating Compres- 
sor with matched components into a single 
compact unit .. . factory engineered, fac- 
tory assembled, factory tested. Factory 
guaranteed! So simple to install that your 
regular crew can do the job quickly, easily. 
No refrigeration work required —it’s done 
for you at the factory! 

Five sizes for loads from 10 tons up. 
Only simple electrical and plumbing con- 
nections needed. 


New Cold-Generator 


brings you process cooling in a package! 


The Trane Company, La Crosse, Wis. 


e = East. Mfg. Div., Scranton, Penn. 


Trane Co. of Canada, Ltd. Toronto « 8&7 US. and 14 Canadian Offices 


MANUFACTURING ENGINEERS OF HEATING, VENTILATING AND AIR CONDITIONING EQUIPMENT 
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NATIONAL SURVEY QUESTIONNAIRE 


ANALYSIS OF WRITE-INS 


(Continued from November) 


Lloyd B. Smith, G. E. Montes and J. A. Polack 


Economic Status of Engineers 


Massachusetts — Serious reservations 
about the present policy of beating the 
bushes to get more engineers. Will tend 
to be more engineers than jobs. What 
is wrong with the law of supply and 
demand? 


Missouri— Only by adequate remunera- 
tion can industry expect the engineers 
it needs in the future. 


Maryland—Recommend throwing out 
all articles and items about the shortage 
of engineers unless the articles specify 
the duty of the engineer in question 
and the salarv at which he is not avail- 
able. 


New York—The 
young pcople into chemical 
ing is overdone. Supply and 
still rule and rightly so 


drive to get more 
engineer 


demand 


California— Actively campaign for 
higher salaries for engineers. Campaixzn 
to get engineers out of non-technical 
positions, i.¢., better manpower utiliza 
tion. 


commen 


Ap- 


Do not receive 
to other professions. 
offer more. 


Alabama 
Surate pay 
prentice programs 


Ohio— Chemical 
paid. They 
wage earers 
employment, 
bracket, 
present day 


engineers are under- 
often earn less than hourly 
An engineer of 8-12 years 
now in the $5,000-$7,000 
not receiving double the 
starting rate and should be. 


Massachusetts -Salaries in teaching pro- 
iessions are too low. 


Financial remuneration is 
with other professions.” 


Tennessee 
not in line 


Alabama 
not the 


Stress welfare of practitioners, 
profession. 


California—You are incorrect when you 
ask for one’s “professional income.” My 
company doesn’t pay me my rate tor 
“professional — services.” I probably 
couldn't earn more than $10,000 prac- 
ticing chemical engineering profession 
We shouldn't give idea chemical engi- 
neers are highly paid. It is, however, 


Please see survey, August, 1952, C.E.P. and 
chart of salaries of other professions. 


The Oklahoma Committee on write-in analysis. Standing, left to right: B. J. Ferro, G. E. Hays, 
W. T. Wise. Seated, left to right: R. E. Sattler, M. F. Wirges, W. J. Wride. 
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a wondertul stepping stone 


ment level jobs. 


Ohio—A.1.Ch.E. should do everything 
in its power to raise the economic status 
of chemical engineers. 


to manage- 


illinois—Institute should take more in- 
terest in the individual, especially in 
such matters as salaries and protessional 
status. 


Illinois—-A.1.Ch.E. has always been tov 
exclusive. It has had an ostrich-type 
attitude toward the monetary and social 
problems of young engineers. It long 
ago failed to recognize modern trends 
and take the leadership in protecting 
the voung engineer trom becoming the 
“weak man” between management and 
labor. 


New York—lInstitute would have a 
larger membership and more influence 
if it was oriented to help, protect, en- 
courage, and advance its members, 
rather than the industry as a_ whole 
as now. 


Pennsylvania—More empliasis on op- 
portunities in the field rather than com- 
ments regarding high starting salaries 
for new members. 


National Meetings 
California—Symposia are tops 


Miscellaneous—Have more regional 
meetings, the annual is too big if more 
than one hotel is required. 


Delaware—Consider only broad 


topic at a national meeting 


Oklahoma—! think the 
ganizing professional engineers 
union is dangerous and ill-advised 
must set up a group to straighten 
these misguided children. 


one 


movement ofr- 
mto a 
We 
out 


New Jersey— Attempt to get permission 
to have more members make plant in 
spections during national meetings. 


Ohio—Ask authors of papers to label 
the parameters on slides. At the 45th 
meeting this presentation fault was dis- 
wraceful. 


Ohio—In my opinion, the greatest im 
provement in technical societies, and 
the one most badly needed, is stricter 
supervision and higher standards for 
manuscripts and papers delivered at con 
ventions. There is 90% trash being pro- 
duced and published. No one should be 
allowed to read his paper. What he 
can’t remember is better read than heard 
anyway. 
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Ohio—The cost of attending meetings | 


has been a matter of some concern to 
many members, especially juniors whose | I 4 — 
income is not as large as some of us 


older active members. The cost of the 


Awards Banquet has risen to a point t HEA VY SOLIDS 

where even some of the active members ; 

shun it. and 
Maryland — Consideration should be| 

given to ventilation during sessions. 


Illinois—Prefer meetings of special 
rather than general interest, so that | 
those who cannot attend all meetings | 
can choose those which benefit them 
most. 


Illinois—Cost of regional and national 

meetings is too high for man not on : 

company expense account. quarter of ry dership 

Illinois—M eetings tend toward too high | in fik ration engineering ore equipment. 
\é 


an academic level. 


Pennsylvania—Like well-planned activi 
ties arranged for most national and re- 
gional meetings. 


Tennessee—It is time to consider some 
subdivisions, such as petroleum, metal- 
lurgical, heavy chemicals, etc.” 


Wisconsin—National meetings should 
be spread over several sections every 
year to lower expenses of those attend- 
ing, especially college professors who 
must pay their expenses. Suggest the 
Institute help defray expenses on some 
such cases where the professors might 


make worthy contributions. MODEL MCR 


Canada—Suggest better arrangement A new fast action, heavy duty filter. 60 second opening 
for plant trips at national and regional 


meetings Preset “first come—Sret or closing. Available with jet spray plate wash-off or with 
served” method is not good. out jet spray for hand cleaning of semi-dry cake. Sizes 

from 100 sq. ft. to 2000 sq. ft. of filtering surface 
Washington—National meetings put Recommended for products with a heavy residue and 


women completely in a role of neces- for removal of a large percentage of solids. 
sary nuisances—while giving them a 
sop of teas, fashion shows, etc. There 
should be more effort to interest the 


spouse in the A.1I.Ch.E.’s program. Standard Horizontal Plate Models 


Canada—Suggests a Canadian dinner at For many years the accepted stand- 
meetings of the Institute ard for fine filtering. Positive cake 
stability, no slipping or cracking, un- 
der any pressure variation or with 
complete shut-down of filtering, is an 
‘lusive fez » of the Sparkler hori- 
California—Unending effort is needed, exclusive fe nr of the Spe 
both nationally and locally, to enhance zontal plate filter that has earned a 
the stature of the engineer in public wide acceptance and use of this filter. 
opinion. Filter aids can be floated on the plate 
i evenly at low pressure and fine sharp 
Alabama—Join other societies to en- fil 4 btained right f vd 
hance protessional standing, stimulate em 
interest in social and economic prob- start with a thin low density pre-coat. 
lems. No other filter can match this per- 
N J If bli lati formance. Available in plate capaci- 
w —If yo ‘ 

ties up to 150 sq. ft. of filtering sur- 
were half as effective as those of our 1d : 
medical friends, the profession could face. Tanks and plates available in a 
have higher caliber recruits.!7 wide range of metals including Hastel- 

loy, stainless steel, etc. 


Public Relations 


Kentucky—Doing a very poor job of 
public relations externally and inter 
nally-—suggests required reading “Is Any- 
body Listening?” 


Write Mr. Eric Anderson for personal 
service on your filtering requirements. 


“ Nuclear Engineering Division has been re- 


quested; council will shortly ask members for : : MUNDELEIN, ILL. 


necessary constitutional amendments. 


“George Jenkins wrote on PR. of the Service representatives in principal cities: . Sparkler Western Hemisphere 
A.1.Ch.E. in the July, 1953, editorial; tells what Corp., Mundelein, Ill, USA. © Sparkler International Ltd., Prinsengracht 876, 
we need to do for improvement. Amsterdam, Holland ¢ Kamitter & Co., 35 Chittaranjan Ave., Calcutta 12, India. 
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Minnesota—! stitute doing an excellent 
job toward wetter recognition by the 
public oft the role of engineers 


Maryland—Reprints of technical meet- 
ings should be sent to Universities for 
student ust Would serve 

licity. 


eee doesn't have the vaguest idea what a 
chemical engineer does to ing , 


how his work differs f1 
chemist. 


Idaho—l’ublic needs more information 


he chemical ensincer. what te 
Thoroughly Compounded about the chemical engineer, what | 


does, and what he is prepared to do 


{ Pennsylvania~ My wife is nervous to 
y ¢co have the whole town know will be 


away tor several days at an A.LChE 
convention and that he wal be shone 


Double Arm Mixers home town papers should receive this 


miormation after the convention 


West Virginia | take a rather dim view 
of the Public Relations Committee in 
solar as it is attempting to publicize 
the domgs of chemical engineers in the 
eyes of the public. | like this question 
naire. But radio programs, lots of news 
paper publi ity, \.1 Ch hbooks, 
ete., they leave me cold. 


New York!’ KR. should mainly coneern 
itseli with attracting the right kind of 
new talent. Emphasis should be on the 
interests aud satisfaction o: the profes 
sion, not on dollars. Help school boys 
to become aware of type of work avail 
able in field. One good man is worth 
many dollar-hungry duds, 


Liberal Arts 


California —Question is unfairly 
“loaded.” Liberal arts courses should 
be stressed more, but not necessarily at 
the “expense” of technical subjects. 


California— More liberal arts should bx 
added to engineering curricula, but not 
at expense of technical subjects 


New Jersey Wish | had a chance to 

take more liberal arts subjects during 

my undergraduate tramme but not at 

the expen ot techmeal subjects My 

undergraduate tramime was only tou 

years. COUT st should five 

Double Arm Mixers provide rapid years with extra year spent on business 

pr ” and liberal arts courses 
thorough dispersion of ingredients in West Virginia Miwineers are backward 


culturally and need more broadening ot 


pharmaceutical compounds, for leading drug knowledge 


manufacturers throughout the country, Licensing of Engineers 
Available in capacities up Washington, D. C.—In most states pro- 


fessional registration exams and rules 
are set up so a man just out of school 
could pass, but a man who is good in 
his own field could not generally pass 
the exams. 


California Since we have to accept the 
fact that registration of engineers ts 
required all over the nation, | would like 
to see the Institute take a part ip gain 


| FAD STAN DARD | 
California—Until a few years ago, a 


chemical engineer was recogmized by 

CORPORATION his accomplishments and not by act ot 
vovernment. The A.I.Ch.E. should take 

a stand against the present socialistu 

movement to make a chemical enginect 


(Continued on page 52) 
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Every water treatment problem is different 


No two water treat- 

ment problems are 

exactly alike. To get 

the best — and most 
economical —- answer to your specific problem 
requires careful analysis of raw water composition, 
rate of flow and the results you require. 


There is no magic formula . . . no single equip- 
ment unit that will give ideal results under all con- 
ditions. That’s why it will pay you to check both 
conventional and high-rate units on every water 
treatment problem. 

For a brief picture of the complete Dorr equip- 


ment line ask for Bulletin #9141. The Dorr Com- 
pany, Stamford, Conn. 


Repeat order in 1950 “proves out” a “conventional” 
installation made in 1948. 


Quick facts about the Dorrco installation at the 
Hollingsworth & Whitney Co., Chickasaw Mills, Mobile, Alabama 
1948 . . . First order installed with a design capacity of 10 MGD. 

2 Dorrco Flash Mixers 
1 Dorrco Flocculator 
1 Dorrco Squarex Clarifier, 85’ square 
Operating Results... 
Raw water: Color — 65-70 ppm 
Raw woter: Turbidity — 3.5-3.9 ppm 
Finished water: Color — 3 ppm 
(Dosage in ppm: Alum 20, Soda Ash 15, Chlorine 3 to 5) 
1950 . . . Second order installed with design capacity of 16 /AGD. 
(Total design capacity: 26 MGD) 
1 Dorrco Flash Mixer 
2 Dorrco Flocculators 
2 Dorrco Squarex Clarifiers, 75’ square 
Flocevlotor and Squorex are trademarks of THE DORR COMPANY —Reg. Pat OF. 


Every day, nearly 8 billion gallons of water are treated by DORR cquipment. 


/ 


DORRCO 


WORLD -WIDE RESEARCH - 


THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 
Offices, Associoted Comp: 


Vol. 49, No. 12 
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Ad “Bitter tools TODAY to mest tomorrows. domand. 


ORR 


ENGINEERING + EQUIPMENT 


es in principal cities of the world. 


or Rep 
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QUESTIONNAIRE 


(Continued from page 50) 


by government fiat and then restrict his 
activities to one locale. 


Ohio—Questions the A.I.Ch.E. should 
answer for Junior members; (1) how 
to become registered engineers, (2) what 
questions are asked, (3) when are ex- 
ams given and (4) name advantages ot 
egistering.” 


Pennsylvania—A.I.Ch.E. active mem- 
bership should be so qualified that hold 
ers could automatically qualify for reg 
istration as P.E. without examination. 


West Virginia—-| am strongly opposed 
to state licensing and regulation of en- 
gineers and would like to see A.1L.Ch.E 
take a definite stand against it. Mem- 
bership in A.I.Ch.E. is a much better 
indication of competence than any li- 
cense. 


New York—lrofessional registration, 
controlled by the Engineering societies, 
and based on years of practical achieve- 
ment in one’s chosen field, is the only 
fair and practical way of recognizing 
professional standing. 


Miscellaneous Comments 


California—There are many young 
chemical engineers who do not join 
the Institute as junior members because 
of the initial expense required. Could 
this fee be postponed for several years 
until the engineer is more or less estab- 
lished? As it is, there is a period after 
graduation when the engineer does not 
become associated with the Institute. 


Delaware—-Dues for local sections 
should be included in national dues. 


Illinois—Eliminate expensive resort lo- 
cations for meetings where expense is 
too high for one not on an expense 
account. Student chapter dues too high, 
suggest student members with dues at 
$2-35 per year. 


Illinois—Knowing that C.E.P. would 
cost $6-7 per year, it is difficult to realize 
what one realizes from the remainder ol 
the $18 dues.” 


New York—\Would like to see in C.E.P., 
at the end of each year, a financial bal- 
ance of all monies taken in from dues, 
contributions, and National meetings, 
and all monies expended for C.E.P., 
speakers, postage, salaries, prizes, print- 
ing, etc.” 


California—Suggest A.I.Ch.E. revise 
and modernize its “Code of Ethics’ so 
as to give specific information about re- 
lationship of the engineer to so-called 
white collar unions, and thoroughly to 
define what is meant by a “professional 
engineer” when in private employ. 


Oklahoma—-Engineers should spend less 
time talking about recognition as a pro- 


“ Write me for reprint of symposium on regis- 
tration; answers 1 and 4. 

* This is not an answer, merely a fact—It costs 
$12-$14 @ year for each copy of C.E.P. 

Audited financial stat t is p 
once a year. See pages 54, 56, June issue. 
Write if you want more. 


Page 52 


fession and more time working to earn 
that recognition. The widespread ac- 
ceptance of stream and air pollution as 
a necessary evil (for so long a time) is 
mute testimony for the fact that engi- 
neers have scarcely had the public wel- 
fare at heart. The studies in “Human 
engineering” which have been projected 
by Carnegie Tech (I believe) are far 
more relevant, and engineers would be 
wise to take notice and emulate that ap- 
proach. 


Michigan—A.1.Ch.E. 
group should have the highest moral 
standards. This would give us greater 
respect and admiration from the public 
| would eliminate the cocktail party 
irom the convention. 


as a professional 


Ohio—-W ould like to see more done to 
further professional recognition in pri- 
vate corporations where, so often, to 
get to the top of the salary scale one 
has to stop being an engineer and be 
an exccutive. 


Illinois—Although professional status 
is a function of the individual and his 
own Status, ability and interests, a state 
license gives the professional man legal 
status. 1 believe the national profes- 
sional organizations contribute much 
more to professional status. What steps 
can the A.l.Ch.E. take to improve the 
professional standing of the chemical 
engineer? I[ am not familiar with the 
means used by the American Medical 
Association in the interest of doctors, 
and by the American Bar Association in 
maintaining the profession of law, but 
they are effective in establishing their 
respective standings with the public. 
The problem ditters in the case of the 
chemical engineer, as his status must 
be maintained largely in the industrial 
work. His code of ethics is adjusted to 
this position and his income results from 
proiessional services rendered to in- 
dustry. 


Pennsylvania—Unfortunate that engi- 
neers have developed a profession in 
which they are not independent but just 
another commodity like sulfur or soda. 
The profession lacks dignity and does 
not share proportionately to its contri- 
bution. A real profession should be 
started with the University at the cen- 
ter. The intellectual slave market should 
be abolished where young men are sold 
into industry at the university. Posi- 
tions rendering assistance to engineers 
by people who are not engineers should 
not be given title of “engineer.” 


West Virginia—A.1.Ch.E. does little to 
promote the interests of chemical en- 
gineers as do sinilar organizations in 
other fields such as the A.M.A. 


Alabama— oo 
dustry and not 
need an A.M.A, 


in- 
engineer— 


much in favor of 
individual 


New Jersey—Institute should make 
available to members more information 
regarding its organization. 


New Jersey—VWould like to serve on 
committee but doesn’t know how to get 
started—suggest C.E.P. discuss.™ 
“Every year chairmen of local sections are 
asked to suggest committee personnel to Secre- 
tary of A.I.Ch.E. C.E.P. will also discuss it. 


(Continued on page 54) 
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A LETTER RECEIVED 
IN QUESTIONNAIRE 


Since this is an occasion to complain, 
I shall do so. Except for one item, I am 
quite satisfied with the Institute and its 
publication. However, I object strenu- 
ously to the stratification present in the 
Institute. A man is either a chemical en- 
gineer or he is not a chemical engineer. 
The Institute has a restricted air about 
it. If we desire to include in its mem- 
bership the vast majority of chemical 
engineers, we must become more demo- 
cratic. 

Just what constitutes a responsible 
position? Every man who is a chemical 
engineer, regardless of the number of 
supervisors over him, is in a responsible 
position. The man who is responsible 
for decisions made for the most part 
is not engaged in actua! chemical en- 
gineering work. If the Institute is an 
association of administrators, then the 
name is due for a change. 

On any chemical engineering prob- 
lem no one can say that even the lowest 
chemical engineer employed is not re- 
sponsible for success or failure. Deci- 
sions made on a top level always de- 
pend on accurate and intelligent chem- 
ical engineering on the bottom level, 
where no one engineer supervises any 
other engineer. The amount of chem- 
ical engineering contributed on a given 
problem many times decreases as one 
goes from the bottom of the ladder to 
the top. 

The terms junior and associate de- 
note something less than a chemical 
engineer, and have an unpleasant con- 
notation. If the Institute desires to 
honor those members who are outstand- 
ing in the field, then a definite title or 
type of membership might be originated. 
However, this honor should not be such 
that every other chemical engineer 
should be referred to as being something 
less than a chemical engineer. The 
stratification, in general, makes for a 
small membership, which in_ turn 
severely restricts the service which the 
Institute desires to fulfill. 

To illustrate my point, I have a pro- 
fessional license to practice chemical 
engineering, two degrees from an In- 
stitute-approved school in chemical en- 
gineering, an employer, who thinks I am 
a chemical engineer, and the personal 
knowledge that I am one because I do 
chemical engineering work, as defined 
in the various chemical engineering 
texts. 

Paradoxically, my A.I.Ch.E. member- 
ship is the only factor which tends to 
lower me professionally. The lessening 
of my professional standing is obviously 
not the intent of the Institute. Conse- 
quently, an immediate change in the 
classification system is desirable 

Regardless of the validity of the above 
argument, the Institute should in the 
near future at least define the term “re- 
sponsible position” and the term chem- 
ical engineer. If a chemical engineer 
does not necessarily have to occupy a 
“responsible position,” in order to be 
classified as such, then logically the “re- 
sponsible position” clause should be 
eliminated as a requirement for full 
membership in the Institute. 
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Corrosion Resistance and Lleat LTreatment 


The best stainless tubing for a specific 
application cannot be identified by 
surface appearance alone. The 
answer is found in the grain structure. 
Because your guarantee of satisfac- 
tory service rests inside the metal, it 
is most important for the stainless 
tubing buyer to consider his sup- 
plier’s methods of manufacture. 

Corrosion resistance of any given 
grade of stainless steel, depends upon 
heat treatment. Heat treatment of 


stainless steel tubing for a specific end 
ase may vary according to grade, size 
of tube and service requirements in- 
volved. For instance, the austenitic 
grades of stainless steel have opti- 
mum corrosion resistance only when 
all carbides have been dissolved and 
retained in solution by rapid cooling. 
At B&W, heat treatment is rigidly 
controlled, and every piece of stain- 
less tubing is heat treated to provide 
optimum corrosion resistance when 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beover Falls, Pa. — Seamless Tubing; Welded Stainless Stee! Tubing 
Allience, Ohio — Welded Carbon Stee! Tubing 
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that property is required. 


For virtually any application—pres- 
sure or mechanical—_B&W can pro- 
vide either seamiess or welded stain- 
less tubing in any number of grades, 
in a broad size range. Help is avail- 
able through B&W Regional Sales 
Offices and a nationwide network of 
experienced tubing distributors. Mr. 
Tubes—your link to B&W—will be 
pleased to furnish detailed answers 
to your stainless tubing problems. 


TA-1813(H) 
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TECHNICAL 
MOLYBDENUM 
TRIOXIDE 


The lowest cost raw ma- 
terial for the production 
of all Molybdenum 
compounds, including 
Molybdenum Orange, 
Molybdenum Vermilion, 
and Molybdated pigment 


colors. 


Our development department 
will gladly take up with you any 
problems involving the applica- 
tion of Molybdenum. 


Climax 
Molybdenum 
Company 


500 Fifth Avenue 
New York City 


QUESTIONNAIRE 


(Continued from page 52) 


Massachusetts 


coil ves 


A.L.Ch.F should 


to stress personal relations. 


ask 


Massachusetts—Too much domination 
by professors and management. Need 
society by and for engineers. 
should attract 
sanitary engineers who now are split up 
among other societies. 
Missouri 
visions like 
it owl 


Institute should 
ACS and each 
publication.™ 


Maryland —-lnitiate an “activities award” 
plan to stimulate members in serving the 
Institute in various activities. 


Missouri—The A.I.Ch.E. is an excel- 
lent organization, its aims and accom- 
plishments are wonderful. 


New York-—My opinion of 
(h.E. is of the highest. 
done much to advance the 
the protession and have made many 
worthwhile contributions. It is the most 
worthwhile of professional societies with 
which I had association. 


subdi- 
have 


have 
should 


the A.I. 
Institute has 
standards of 


have 


New York—Is it possible that manage- 
ment viewpoint, which certainly repre- 
sents a minority of the membership, is 
disproportionately represented and re- 
sponsible for formulating Institute pol 
icy? 

New York—lIf privately endowed and 
operated universities are to survive (and 
they must!), they must get closer to the 
needs of “free enterprise” industry. By 
studying and then developing the type 
of curricula best suited to industry's 
needs, a closer working relationship is 
sure to develop and substantial funds 
to support privately endowed universi- 
ties would be forthcoming. 


California—The issuance of the ques- 
tionnare is a step in the right direction. 
(Increasing individual's participation in 
the affairs oi the Institute), and those 
responsible are to be commended. 


Delaware—T hic 
have inquired 
tivities. 


questionnaire should 
into extracurricular ac- 


Kansas—In your next questionnaire 
why not find out what are reading habits 
of the, membership? 


Could 
section 


Iowa— Questionnaire a tine idea. 
be profitably used by a local 
Hope results will be published. 


California—- I:mployment Clearing 
Houses are felt to be an important 
needed Institute activity. These should 
cover all levels of interest and experi- 
ence, 


Ohio—Set up 


house. 


employment — clearing 


Kansas—I would like to-see A.LCh.E. 
do more towards aiding a member in 
obtaining satistactory employment. Dif- 
ficult to learn much about company until 
aiter he goes to work and then it is 
too late. Perhaps a rating system could 
be worked out tor various companies 


Illinois 
exchange 
addition. 


\ simple informal employment 
at meetings should be a useful 


See footnote 16. 


(See January for final installment) 
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NEWS 


(Continued from page 46) 


M.1.T. STUDENTS ELECT 
CHEMICAL ENGINEERING 


(Chemical engineering was the second 
most popular choice of students enter- 
ing Massachusetts Institute of Tech- 
this fall. One and 
twenty-eight freshmen the 
‘urriculum, com- 
187 enrolling in electrical 
the first 122 


in mechanical third 


nology hundred 
elected 
chemical engineering 
pared with 
engineering, and 


the 


choice, 
enginecring, 
choice. 

The total registration of the entering 
class this year is 843, nearly 100 fewer 
than in 1952. The tentative registra- 
tion figure of 1,924 graduate students 
marks a new high in the 
school’s history, according to Joseph C 
MacKinnon, registrar. 


how ever 


UNDERGRADUATE GRANTS 
IN ENGINEERING 

Senior-year technical scholarships in 
chemical, mechanical, and metallurgical 
have | established at 
forty-one engineering colleges and uni- 


engineering een 
versities by Union Carbide and Carbon 
Corp., as recently announced by Morse 
G. Dial, president. Selection of the 
recipients will be made by the univer- 
sities and will be based on the student's 
past performance and his potential for 
engineering and scientific study and 
for successful employment in industry 
A specific purpose of the program is 
to increase the number of technical 
graduates trained in various scientific 
fields. The scholarships will cover full 
tuition for the $200 
for necessary books and fees. 

Divisions of Union Carbide sponsor- 
ing the scholarships are Bakelite Co., 
Carbide and Carbon Chemicals Co., 
Electro Metallurgical Co., Haynes 
Stellite Co., Linde Air Products Co., 
National Carbon Co., and U. S. Vana- 
dium Co. 


senior vear and 


ATOMIC FORUM GETS 
MANAGERIAL STAFF 


Appointment of two new officers of 
the Atomic Industrial Forum, Ince., 
announced recently by Walker L. Cisler, 
president. Charles E. Robbins, formerly 
vice-president of Bozell & Jacobs, Inc., 
and Oliver Townsend. formerly assis- 
tant to the chairman of the A.E.C., were 
managet 

executive and 
the Forum, an association 


Was 


respectively made executive 


and assistant manager 
secretary ot 
of businessmen, engineers, scientists, and 
educators incorporated last April to 
foster the development and utilization of 
atomic for peacetul 
Headquarters of the 


Madison Ave., New 


energy purposes. 


Forum are at 260 


York 16 
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Solvents can’t start trouble 


... because a Pies no seal! 


Because there is no seal, trouble just doesn’t have a chance to start 
in a Chempump. There are no mechanical seals to fail. No stuffing 
boxes to pack or adjust. No lubrication required. The combined 
rotor and impeller assembly is the only moving part and it can be 
replaced quickly and easily ... without breaking piping connections. 


You'll have no fluid losses from a Chempump either. Toxic, 
hazardous or valuable fluids can’t escape. Besides protecting your 
plant and personnel, the enclosed design protects the fluid from 
external contamination... an important consideration for vac- 
uum applications with flooded suction. 


The Chempump is available in 14, *4, 1, 2, and 3 horsepower 
sizes... open or enclosed impeller. Standard materials are cast 
iron, 300-series stainless steel or Monel. Special materials available 
on request. 


For complete information and performance data, clip the coupon 


The Chempump is © new con and send it in. 


cept in pump design thet 
compietety eliminates all seats 
ond stuffing boxes ... the 
source of about 909% of pump 
troubles whenever corrosive, 
volatile, foxic, radioactive or 
other hazerdous liquids ore 
being handied. The Chempump 
is totally enclosed . . . motor 
ond all. The fluid being pumped 
circukites freely through the 
retor chamber of the mofor. 
The stator ond its windings 
ore isolated from the liquid 
by corrosion resistant, non- 
magnetic alloy cylinder insert- 
od in the air gap. The rotor is 
hermetically sealed by the 
same alloy. UL approved for 
Class 1, Group D 


CHEMPUMP CORPORATION + 1300 E. Mermaid Lane « Phila. 18, Pa. 


CHEMPUMP CORPORATION « 1300 E. Mermaid Lane * Phila. 18, Pa. 


Please send complete Chempump performance data. 


Name Title 


gained from over 15,000 field 
installations on seal-less pumps. 


Company 


' 
| 
| 
| 
*Chempump is the result of experience | 


Address 
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MARGINAL 


Colorless But Sweet 


Glycerol. Carl S. Miner and N. N. 
Dalton, Editors, A.C.S. Monograph 
No. 117. Reinhold Publishing Corp., 
New York (1953), 460 pp. $12.00. 


Reviewed by F. G. Perry, Jr., Arthur 
lL). Little, Inc., Cambridge, Mass. 


This book will probably find its widest 
use among chemists, purchasing agents, 
and the like, who are immediately con- 
cerned with purchase of glycerol, its 
specifications, methods of analysis, etc., 
and among only those engineers who 
are directly concerned with recovery or 
processing of glycerol. 

The coverage of the subject is com 
plete, with the exception that economic 
considerations of interest to chemical 
engineers, such as operating and invest 
ment costs and economic comparisons 
among sources or processes are not dis 
cussed. The book is logically organized, 
starting with history and economics 
(economics in this case involves super- 
ficial market and price information), 
then proceeding rather laboriously 
through natural sources, production, re 
covery refining, specifications, 
analyses and properties, to the last 
twenty-six pages devoted to uses. 

About one quarter of the book dis- 
cusses methods of production and re- 
fining, in which excessive emphasis is 
given to soap manufacture and the at- 
tendant recovery and refining of gly- 
cerol, in contrast with only four pages 
devoted to the production of synthetic 
glycerol from propylene, failing to point 
out the increasing importance of syn- 
thetic glycerol and the declining produc- 
tion of glycerol from soap manufacture 
and fat splitting. The sections devoted 
to soap manutacture and related opera- 
tions could easily have been shortened 
and excessive discussion is devoted to 
such things as an elementary lesson in 
physical chemistry, the operating prin- 
ciples of a multitude effect evaporator, 
and the mechanical details of a Bird con 
tinuous solid bowl centrifuge, making 
the reader wonder at times just what the 
subject matter is that he is reading 
about. 

Sections covering standards and spe- 
cifications, analyses, physical and chem 
ical properties and derivatives of gly- 
cerol constitute more than 50 per cent 
of the volume and are valuable as a 
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NOTES 


News of Books of Interest to Chemical Engineers 


reference for chemists and engineers 
engaged in production and utilization o! 
glycerol. These chapters, for the most 
part, contain reproductions from various 
sources of complete specifications, an- 
alytical procedures, tables and plots of 
physical and chemical data—all of which 
are available in the literature. Two 
rather interesting chapters, although 
limited in their application, cover the 
biochemical use of glycerol and physi- 
ological action ot glycerol. The last 
chapter on uses of glycerine covers gen- 
erally the miscellaneous fields and pro 
ducts in which this important raw ma- 
terial is consumed. The index appears 
complete and sufficient cross-references 
are given to allow easy location of all 
information 


Materials—Simple and Complex 


Textbook of Engineering Materials. 
Melvin Nord. John Wiley & Sons, Inc., 
New York (1953), 548 pp. $6.50. 


Reviewed by James Coull, Professor 
and Head, Chemical Engineering De- 
partment, University of Pittsburgh, 
Pittsburgh, Pa. 


Relatively few books have been pub- 
lished in recent years on the subject of 
engineering materials. The accumula- 
tion of information in this field is 
usually studied in trade journals, manu- 
facturers’ catalogs, and sales circulars. 
Marketing interest has developed to the 
point where it is difficult, even for the 
layman, to be unaware of the special 
uses and singular properties of this or 
that product. The engineer should be 
able to evaluate claims made by com- 
peting manufacturers, hence the need 
for a sound knowledge of engineering 
materials. 

Professor Nord advances a text aimed 
at the advanced freshman or beginning 
sophomore level for all engineers. Ably 
written and clearly illustrated through- 
out, the text is well within the com 
prehension of any student who has suc 
cesstully completed a modern course in 
high school chemistry. 

The book is divided into four main 
parts as follows: 


I. A study of principal sources and 
types of raw materials, including 
formation of deposits, their distribu 
tion and removal (Brief but well or 
ganized). 
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II. Production of engineering ma 
terials, including mineral dressing, 
unit chemical processes in the pro- 
duction of engineering materials as 
well as the principles and ‘processes 
of extractive metallurgy (Treatment 
brief and qualitative). 


III. Properties of engineering ma 
terials, beginning with simple ideas 
on the states of matter and carrying 
the reader through an elementary 
analysis of alloy diagrams. This 
is followed by a chapter on the 
mechanical properties of engineering 
materials and the section ends with 
a chapter on physical and chemical 
properties (Organization of material 
excellent for elementary reader ). 


LV. Specific Engineering Materials 
is organized in five sections com 
prising: materials for the generation 
of energy, metals, natural and arti- 
ficial stone, natural and synthetic 
organic materials of construction, and 
protective materials. Part IV com- 
prises almost two thirds of the text and 
provides a sound sequel in the applica 
tion of principles, described in the prev- 
ious three parts, to a well-selected list 
of specific engineering materials. These 
include water, fuels, explosives, fer- 
rous metals, nonferrous metals, etc. 
Statistics relating to production and 
occurrence find frequent reference 
throughout the text and in the biblio- 
graphic references at the end of 
each chapter. 


This book might with advantage be 
adopted as a required reading assignment 
for engineering students beginning their 
sophomore year. 


Distillation Literature. Index and Ab- 
stracts 1946-1952 Inclusive. Arthur 
and Elizabeth Rose. Applied Science 
Laboratories, Inc., State College, Pa. 
(1953), $25.00. 


A highly efficient type of bibliography 
containing abstracts of al! the literature 
in the distillation field arranged by sub- 
ject. Includes abstracts of journal pa- 
pers, meeting papers, patents, books, 
book reviews, important advertising an- 
nouncements, news items. All abstracts 
on each subject are gathered together on 
adjacent pages. There are about 600 
pages, 5,000 abstracts, and 12,000 index 
entries. A complete author index, and 
a list of subject index headings are 
included. 


(More Marginal Notes on page 64) 
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Another leading manufacturer who relies on 


corrosion resisting D | R + 0 p 


These Series R 
Durcopumps have 
been in service at 
Spencer Chemical 

Company since 1948 


These DURCO}'UMPS have been in operation since 1948 
serving Spencer (‘hemical Company at their Calumet City 
plant in the man. ‘9 ure of formaldehyde. 


gare 


Spencer Chemical Company is truly one of America’s grow- 
ing names in Chemistry, with plants in Pittsburg, Kansas; 
Henderson, Ky., Calumet City, I1l.; Charlestown, Ind., and 
Vicksburg, Miss. In addition to formaldehyde, which is 
widely used in the resin and plastics fields as well as in 
other familiar industrial applications, Spencer products 
include Methanol, 83% Ammonium Nitrate Solution, 


Series R DURCOPUMPS are designed and 
built for heavy-duty chemical service. From 
the rugged, reinforced frame, through-bored for 


best bearing alignment, to the heavy-vaned SPENSOL (Spencer Nitrogen Solutions) Ammonium 
rotating element with micro adjustment, Nitrate Fertilizer, FREZALL (Spencer Dry Ice), and 
and oversized bal! bearings, DURCOPUMPS Liquid Carbon Dioxide 


are built for service. A renewable shaft sleeve 
is sealed to the impeller head by a super-finished 
joint. Bearing adapters are locked to the shaft 


without the use of sefscrews. All parts in THE DURIRON COMPANY 


contact with corrosive solutions are of the 


right high silicon iron or stainless steel D ayt on 4 Ohi ° 


alloy to fit your corrosion problem. 


Write today for complete details in CO 
DURCO’S free Bulletin, P/1. 


CORROSION RESISTING 
ALLOYS & EQUIPMEN 


a 
4 
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CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 
membership in A.I.Ch.E. recommended for election by the Committee 
on Admissions 


These names are listed in accordance with Article Ill, Section 7, 
of the Constitution of A LCh.E 


Objections to the election of any of these candidates from Active 
Members will receive careful consideration if received before 
January 15, 1954, at the Office of the Secretary, A.I.Ch.E., 120 East 
4}st Street, New York 17, N. Y. 


Applicants for Active Mazza, Harold, Trono, Calif 
Membership Meason, G. H., Baytown, Tex. 
by ee Olsen, John Lee, Marcus Hook, Pa. 
Beno, Peter P., Buffalo, N. Y. Peckhom, Herbert H., New Castle, Del. 
» ‘worth « Bonham, Frank S., Long Beach, Calif. Pollock, Lyle W., Bartlesville, Okla. 
Falk, Carl F., Richland, Wash. Rylands, Robert N., Cuyahoga Falls, Ohio 
DOW CORN j Ne Gertz, Melvin H., Dallas, Tex. Schwartz, Milton S., Philadelphia, Pa 
Hanmer, Robert S., Borger, Tex. Schweppe, Joseph L., Pasedena, Calif 
High, Donald A., Dayton, Ohio Scott, William C., Jr., Florence, Ala 
Highiands, Matthew E., Orono, Maine Sklor, George, Charleston, W. Va 
ANTIFOAM Jackson, Melbourne L., China Loke, Calif. Smith, Charles T., Lombard, Ill. 
Jang, James J., los Angeles, Calif. Spencer, Max R., Decatur, Ind 
* m Johnson, Walter F., So. Plainfield, N. J. Stanley, Maurice €., Port Arthur, Tex 
kills foam uw: Korpi, Edwin O., Cincinnati, Ohio Steioff, A. F., Cincinnati, Ohio 
300 lus. of butadiene-styrene latex loew, Edward J., Wilmette, Ill. Trethewey, Graham D., Woodfibre, B. C 


Macy, Philip A., Jr., E. Alton, Ill. Canado 
1500 Ibs. of maple-cane syrup Marcot, Guy C., Piney River, Va. West, Herbert M., South Charleston, W. Va 


1000 Ibs. of phenolic resins 
400 Ibs. of casein adhesive 
500 ths. of floor wax emulsion 


and 

@ Saves space now wasted on foam in 
process equipment. 

@ Cuts processing time. 

@ Eliminates the waste and fire hazard 
of overflowing foam. 

@ Nontoxic and safe to use, Dow Corning 
Antifoam A is the most versatile and 
efficient defoamer on the market. 


DOW CORNING ANTIFOAM AF EMULSION 
This water dispersible emulsion of 
Antifoam is equally versatile, 
equally effective in the industrial 
processing of aqueous foamers. 


ourself 


ry 
coupon TODAY for 


free sample 


Dow Corning Corporation 
SILICONES Midland, Michigan, | 
Dept. CS-12 l 

Please send me data and a free sample of 


[] Dow Corning Antifoam A 
or [] Dow Corning Antifoam AF Emulsion 


ENGINEERING CO. 


432 CENTRAL STREET + SOMERVILLE 45, MASS. 


STATE 
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Wirges, M. F., Bartlesville, Okla. 
Woodworth, Parke, Grosse Pointe, Mich. 


Applicants for Associate 


Membership 


Klein, Donald C., El Paso, Tex. 
Kloosterman, Ate H., New York, N. Y 
Pierce, J. Louis, Greenville, S. C. 


Applicants for Junior 
Membership 


Almon, Charles C., Texos City, Tex. 
Ballo, H. John, Antioch, Calif. 
Bartlett, M. C., Jr., Pine Bluff, Ark. 
Biles, William R., Stote College, Pa. 

Bonnell, Allan H., Westfield, N. J. 

Brown, Larry R., Blacksburg, Va. 

Buttimer, John F., Glen Burnie, Md. 

Carman, James M., Alexandria, Ky. 
Copeland, Robert H., Waynesboro, Va. 
Covey, William E., Army Chemical Center, Md 
Fehskens, Eugene, Bronx, N. Y. 

Galluzzo, Joseph F., Pittsburgh, Pa. 

Gerson, Herbert, Bronx, N. Y. 

Haggin, Joseph H. S., Milwaukee, Wis 

Hatzell, John J., Philadelphia, Pa 


Henry, Paul J., Akron, Ohio 


Hodges, Harold E., Louisville, Ky. 
Holmes, Walter L., Houston, Tex 
James, Frank E., Jr., Texas City, Tex 
lee, John Maxim, Wilmington, Del. 
Leonard, Edward F., Willow Grove, Pa. 
Mandil, M. Amin, Berkeley, Calif. 

Marr, Clyde M., Willoughby, Ohio 
McEwan, Gilbert J., St. Louis, Mo. 
McMakin, L. E., Jr., Houston, Tex. 
McMicking, James H., Detroit, Mich. 
Melancon, John W., Baton Rouge, La. 
Mendelson, Harvey, New York City, N. Y. 
Miller, Alfred M., Jr., Beaumont, 
Muller, Karl A., Jr., Texas City, Tex 
Nasser, John, Woodbury, N. J. 
Nelson, George Gus, Jr., Washington, D. C 
Pokrzywnicki, Edmund C., Springfield, Mass 
Reider, C. M., Martinez, Calif. 

Reisner, Peter E., Akron, Ohio 

Remer, Norman A., Chicago, Ill. 

Renard, Michel, Palo Alto, Calif. 

Reumont, Maurice R., Washington, D. C 
Reynolds, James H., Paulsboro, N. J 

Riggs, James R., Jr., St. Paul, Minn. 

Roberts, William N., Portsmouth, Va. 
Rockstroh, Richard K., Chester, Po. 

Roe, Roland A., Clifton, N. J. 

Shooff, Victor C., Chicago, Ill. 

Skillman, Frank M., Kinston, N. C. 

Smith, Donald E., Drexel Hill, Pa. 

Sondak, Norman Edward, Far Rockaway, N. Y. 
Storr, A. Thomas, Belleville, fli. 

Symington, Kenneth A., Havano, Cuba 

Walsh, James F., Jackson Heights, N. Y. 
Williams, James L., Kingsport, Tenn. 


3000 Unit for scrubbing 
corrosive gases from Chemical plant 


Another Corrosive Fume Problem Solved By 


KNIGHT FUME WASHERS 


Knight Pyroflex Constructed Fume 
Washers have solved many difficult gas 
and fume elimination problems under 
extremely corrosive conditions. 


The unit above, for example, was job 
engineered to handle corrosive fumes 
from a large chemical manufacturing 
plant. Initially Knight engineers consid- 
ered all service factors involved including 
water consumption and fan power. 
Construction materials were selected 
according to corrosive factors involved. 
The result was a complete functional 
unit job-engineered to solve a specific 
problem in corrosive fume elimination. 
Although individually engineered Knight 
Fume Washers are relatively low in cost 
and economical in operation. 


TYPICAL 
APPLICATIONS 
®@ Absorption of HCI 
fumes 

@ Suppression of oil 
and acid mists 

@ Removal of pickling 
tank vapors 

@ Removal of dust from 
exhaust gas 

@ Removal of chlorine 
fumes 


Absorption of hydro- 


fluoric acid fumes 
® Cooling hot acid 
gases for processing 
@ Many other types of 
service 


~ 
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Monograph 
and 
Symposium 
Series 


APPLIED THERMODYNAMICS 


Theoretical and experimental data on hydrocarbons and other chemicals in 
twelve papers presented at A.I.Ch.E. meetings or submitted for Institute publication: 
163 pages; $3.25 to members, $4.25 to nonmembers. 


SYMPOSIUM SERIES (8% by 11, paper covered) 


1. Ultrasonics—two symposia 
(87 pages; $2.00 to members, $2.75 to nonmembers) 


2. Phase-Equilibria—Pittsburgh and Houston 
(138 pages; $3.75 to members, $4.75 to nonmembers) 


3. Phase-Equilibria—Minneapolis and Columbus 
(122 pages; $3.75 to members, $4.75 to nonmembers) 


4. Reaction Kinetics and Transfer Processes 
(125 pages; $3.75 to members, $4.75 to nonmembers) 


5. Heat Transfer—Atlantic City 
(162 pages; $3.25 to members, $4.25 to nonmembers) 


6. Phase-Equilibria—Collected Research Papers for 1953 
(113 pp.; $3.25 to members, $4.25 to nonmembers) 


MONOGRAPH SERIES (81 by 11, paper covered) 


1. Reaction Kinetics by Olaf A. Hougen 
(74 pages; $2.25 to members, $3.00 to nonmembers) 


Price of each volume depends on number printed. Series subscriptions, which 
allow a 10% discount, make possible larger runs and consequently lower prices. 


CHEMICAL ENGINEERING PROGRESS 
120 East 41 Street, New York 17, N. Y. 


C) Please enter my subscription to the CEP Symposium and Monograph Series. | will be 
billed at a subscription discount of 10% with the delivery of each volume. 

Please send: 

[ copies of Applied Thermodynamics 

[) copies of Phase-Equilibria—Collected Research Papers for 1953 

[] copies of Heat Transfer—Atlantic City. 

copies of Reaction Kinetics and Transfer Processes. 

[} copies of Phose-Equilibria—Minneapolis and Columbus. 

[] copies of Phase-Equilibria—Pittsburgh and Houston. 
|} copies of Ultrasonics. 
| | copies of Reaction Kinetics. 


Bill me [] Check enclosed (add 3% sales tax for delivery in New York City). 
Name 


Address 


Active Associate [} Junior [] Student Nonmember | 
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CHEMICAL ENGINEERING PROGRESS Secretary's Report 


S. L. TYLER 


The Executive Committee met at 
The Chemists’ Club on Nov. 13, 
approved the Minutes of previous meet- 
ings and accepted the Treasurer's re- 
ports for the months of September 
and October. Secretary reported that 
there were no adverse comments on the 
applicants for membership whose names 
appeared in the October issue of C.E.P. 
and theretore they were declared elected 
to the grades of membership indicated. 
The following counselors were ap- 
pointed for the student chapters at the 


colleges as indicated: 


University of Denver—J. M. Lenoir 

University of Idaho—M. L. Jackson 

State University of lowa—J. O. Os- 
burn 

University of Maryland-—-W. J. Huff 

Massachusetts Institute of Technol 

ogy \. S. Michaels 

Montana State College—H. A. Saner 

Northwestern University —W. F. Ste- 

vens 

University of Oklahoma—R. L. Hunt- 

ington 

Oregon State College— J. G. Knudsen 

University of Southern California— 

J. H. Ballard 
University of Washington—A.  L. 
Babb 

Four resignations from Junior mem- 
bership were received and accepted. 

N. R. Grant, G. A. Coulman, and 
G. S. Cochrane were placed on the 
Suspense List because of their having 
enfered the Armed Forces. R. C. Brock 
was removed from the Suspense List, 
having completed his tour of duty. 

The budgets of both the Institute 
and C. E. P. were presented and dis 
cussed thoroughly and approved with 
the recommendation that they be acted 
upon favorably by the Council. 

The Council met at The Chemists’ 
Club on Nov. 13 with fifteen of the 
seventeen members of Council present 
Minutes of previous meetings were 
approved. 

Recommendations of the chairmen 
of standing committees of the Insti- 
tute were presented and with only 
minor modifications approved. Repre- 
sentatives of the Institute with other 
groups were also appointed. 

Upon the recommendation of the 
Program Committee, Council approved 
the holding of a meeting of the Insti- 
tute in Los Angeles, Calif. in March, 
1956. 

The Council also voted to recognize 
to as great an extent as possible the 
ticentennial of Columbia University 
at the time of the annual meeting in 
New York City in December, 1954. 
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Recommendations of the 
tion and By-Laws Committee in line 
with discussions at 
of Council were presented and discussed 
at some length. amendments 
concerned membership matters as well 
Modifications 
back te the 

Committee 


previous meetings 


hese 


procedures 
and referred 
and By-L: 


request to 


as_ election 
were made 
Constitution 
with the 
dratt of proposed modifications at the 
December meeting of Council. 

The Research Committee, through its 
chairman, W. Ek. Lobo, presented a 
proposed form of contract to be 


iws 


submit a new 


used 
research 


in connection with assign- 


ments by that Committee with the uni- 


versities at which special research work 


is carried on Ihis contract was ap 
proved. 
Engineers Joint Council had re 


socicties to 


their 


quested the participating 


send a special questionnaire to 


members in order to obtain informa 
tion regarding employment conditions 
particularly unioniza 
collective 


Phe mailing was approved. 


with regard to 


tion, bargaining, and profes 


sional license. 


The report of the Tellers Commit 
tee on the Election Ballot was pre 
sented and accepted by the Council and 


elected 


Kirkbride 


the following were declared 


President Chalmer G. 


Vice-President Barnett F. Dodge 
‘Treasurer George Granger Brown 
Secretary Stephen | yler 
Ihrectors for a three-year term begin 
ning Jan. 1, 1954 
Loren P. Scoville 
Ray P. Dinsmore 
George E. Holbrook 
W. L. Faith 


REVIEW OF A\S.T.M. 
RESEARCH AVAILABLE 

A.S.T.M. 


society has 


Reprints of the “Review of 


Re search,” Irom 
Bulletins, are 
announced. 

of the 
the society 
cement, mortars, clay pipe, 
thermal 
acoustical 


compiled 

ivailable, the 
lists the 
committees ot 


The review work 


various technical 
on such materials as metals, 
retrac- 


msu 


lime, 
tories, concrete, 
lating 


ceramic whiteware, 


gypsum, 
materials, iterials 
paints and varnishes, 
coal 
hy- 
Copies may be 


petroleum products, wood, 
and coke, rubber, 
drocarbons, and others. 
obtained without charge from the Amei 

ican Society for Testing Materials, 1916 


Philadelphia 3, Pa. 


paper, 


soaps, aromatic 


Race St 


MARCH OF DIMES 


JANUARY 2-31 


LOCAL SECTION 


AALChE 


C. G. Kirkbride, President-elect of 
and banquet speaker at the Eighth Annual 
Technical Meeting, South Texas Section, held at 
the Golvez Hotel, Galveston, Tex., talks about 
the present status of, and future planning for, 
the A.jl.Ch.E. The registration figure oat the 
meeting was 564 and attendance ot the banquet 


was 322. 


H. J. Bowen, president of Industrial 
Models, Inc. of Wilmington, Del., 
gave an illustrated talk on “Who Us 
Industrial Engineering Models and 
Why” to 77 members of the St. Louis 
Section, at a dinner meeting Novy. 17 
1953 at the Forest Park Hotel. le said 
that principal users of models are 


chemical plants, petroleum 


refineries, steam power plants, 


proce Ssing 
and auto 


mobile and airplane assembly plants 


At the Oct 
&2 members 


of the Se ction, 


Alvan HH 


Chem 


2U meeting 
and guests heard 


Penney, manager, Fine 


icals Division, Carbide & Carbon Chem 
icals Co., on 


pilot plant for 


his company’s $13 


million production «ot 


chemicals through hydrogenation ot 
coal at Institute, W. Va. 

Richard G Kerlin added nother 
note to his story on St. Louis Sectior 
activities: Seminars led by chemical 
engineers industry would continue 
this vear at Washington Umiversity. 

The November meeting of the Southern 
California Section was held at Scully's Res 


tavrant in Los Angeles, and featured Horry 


Pearlman, project engineer in the atomic energy 


department of North American Aircraft, who 
talked on “Nuclear Reactors for Research 
Power.” 

Results of the election of new officers to 


serve for the year 1954 are as follows 
Arnold M. Ames 
Stephen G. Sevougicn 
Blaine B. Kuist 


M. Huemmer 


Chairman 
Vice-Chairman 
Secretary 
Treasurer Phil 
Executive Council 
Roger W. Hoffman 
Junior Member J. W. Jensen 
Delegate to Los Angeles Engineering 
George R. Lake 


Senior Member 


Council 


(¢ ‘ontimued on page 05 ) 
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How to make ] 


ACCURATE 

pH, CHLORINE, 
PHOSPHATE, 
NITRATE TESTS 


TAYLOR 
COMPARATORS 


You can make many determinations in 
seconds .. . longest take only two min- 
utes. Taylor Sets are lightweight, easy 
to carry for on-the-spot tests, or you 
can use them in the lab. Each set com 
plete with accessories and reagents. 


Easy aAA+BeC 


A. Fill three test 


tubes with somple to be 
tested and place them 
im the base 


~ 


B. Add reacent ! 


middie tube only 


a Place color slide 


on base 
until colors match, and 
THERE'S THE VALUE 


move across 


Guaranteed Color Standards! 


Sealed-in-plastic color 
unconditional guarantee against fading that 
gives you complete freedom from mechani 
cal inaccuracy in determinations 
No single standards to handle. EK, 
contains a complete set of standards for any 


standards carry an 


making 
ach alivte 


one determination 


SEE YOUR DEALER... 


Sa for equipment. Write direct for 
FREE HANDBOOK on pi 
(a and (Chlorine control in 44 


industries, Also illustrates and 


W. A. TAYLOR %° 


412 RODGERS FORGE RD. + BALTIMORE-4, MO 
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FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Chairman of the A.I.Ch.E. Program Committee 


Loren P. Scoville, Jefferson Chemical Company, Inc. 


260 Madison Ave., New York 16, N. Y. 


MEETINGS 


Washington, D. C., Statler Hotel, March 7-10, 
1954 

TECHNICAL PROGRAM CHAIRMAN: George 
Armistead, Jr., Consult. Chem. Eng., George 
Armistead & Co., 1200 18th St. N.W., Washing- 
ton 6, D. C. 


Springfield, Mass., Hotel Kimball, May 16-19, 
1954 

TECHNICAL PROGRAM CHAIRMAN: E. B. Fitch, 
Asst. to Res. Dir., The Dorr Co., Westport, Conn. 


Ann Arbor, Mich., Univ. of Mich., Ann Arbor, 
Mich., June 20-25, 1954—Conference on Nuclear 
Engineering. 

TECHNICAL PROGRAM CHAIRMAN: D. L. Katz, 
Chairman, Dept. of Chem. and Met. Eng., Univ. 
* of Mich., 2028 E. Eng. Bidg., Ann Arbor, Mich. 


Glenwood Springs, Colo., Hote! Colorado, Sept. 
12-15, 1954. 

TECHNICAL PROGRAM CHAIRMAN: Dr. Charles 
H. Prien, Head, Chem. Div., Denver Res. Inst., 
Univ. of Denver, Denver 10, Colo. 


Annual—New York, N. Y., Statler Hotel, Dec. 
12-15, 1954, 


TECHNICAL PROGRAM CHAIRMAN: T. 


Skaperdas, Assoc. Dir., Chem. Eng. Dept., M. W. 
Kellogg Co., 225 Broadway, N. Y. 7, N. Y. 
ASST. CHAIRMAN: N. Morash, Titanium Div., 
National Lead Co., P. O. Box 58, South Amboy, 
N. J 


Louisville, Ky., Kentucky Hotel, March 20-23, 
1955. 

TECHNICAL PROGRAM CHAIRMAN: R. M. Reed, 
Tech. Dir., Gas Proc. Div., The Girdler Corp., 
Louisville 1, Ky. 


Houston, Texas, Shamrock Hotel, May 1-4, 1955. 
TECHNICAL PROGRAM CHAIRMAN: J. L. Frank- 
lin, Res. Assoc., Humble Oil & Refining Co., 
P. O. Box 1111, Baytown, Texas. 


Lake Placid, N. Y., Lake Placid Club, Sept. 25-28, 
1955. 

TECHNICAL PROGRAM CHAIRMAN: L. J. Coul- 
thurst, Chief Proc. Designer, Foster Wheeler 
Corp., 165 Broadway, New York 6, N. Y. 
Annual—Detroit, Mich.—Statler Hotel, Nov. 
27-30, 1955. 

TECHNICAL PROGRAM CHAIRMAN: T. J. Car- 
ron, Head, Chemical Tech. Office, Ethyl Corp., 
Res. Labs., 1600 West Eight Mile Road, De- 
troit 20, Mich. 


SYMPOSIA 


SYMPOSIA FOR WASHINGTON MEETING 
Mixing 

Patents 

Chemical Engineering in the Fertilizer. Industry 
Liquid Entrainment and Its Control 

Chemical Engineering Fundamentals 

New Metal Technology 
s in Ch 


Use of Comput ical Engineering 


Polymeric Materials of Construction 


CHAIRMAN: C. C. Winding, Assist. Dir., College 
of Eng., Cornell Univ., Ithaca, New York. 


MEETING—Springfield, Mass. 


Process Design 


CHAIRMAN: W. W. Kraft, The Lummus Co., 
385 Madison Ave., New York 17, N. Y. 


MEETING~— Springfield, Mass 


Nuclear Enginoering 


CHAIRMAN: D. L. Katz, Chairman (Address: 
See Ann Arbor Meeting). 


MEETING—Ann Arbor, Mich. 
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Agglomeration 


CHAIRMAN: A. P. Weber, International Engi- 
neering, Inc., 15 Park Row, New York, N. Y. 


MEETING—Glenwood Springs, Colo 


Reaction Kinetics 

CHAIRMAN: N. R. Amundson, Dept. of Chem. 
Eng., Univ. of Minnesote, Minneapolis 14, Minn. 
MEETING—New York, N. Y, 


Gas Absorption 


CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 


MEETING—New York, N. Y. 


Solvent Extraction 


CHAIRMAN: Dr. R. B. Beckmann, Dept. Chem. 
Eng., Carnegie Inst. of Tech., Schenley Park, 
Pittsburgh 13, Pa. 


MEETING—New York, N. Y. 


Heat Transfer 


CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 


MEETING—Louisville, Ky. 


Centrifugation 


CHAIRMAN: J. O. Maloney, Chairman, Dept. 
Chem. Eng., Univ. of Kansas, Lawrence, Kan. 


Nucleation Processes 


CHAIRMAN: E. L. Piret, Dept. Chem. Eng., Univ. 
of Minn., Minneapolis 14, Minn. 
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Submitting Papers 


Members and nonmembers of the 
A.I.Ch.E. who wish to present papers 
at scheduled meetings of the Institute 
should follow the following procedure. 

First, write to the Secretary of the 
A.L.Ch.E., Mr. S. L. Tyler, American 
Institute of Chemical Engineers, 120 
East 4lst Street, New York, requesting 
three copies of the form “Proposal to 
Present a Paper Before the American 
Institute of Chemical Engineers.”’ Com- 
plete these forms and send one copy to 
the Technical Program Chairman of the 
meeting for which the paper is intended, 
one copy to the Chairman of the A.1. 
Ch.E., Program Committee, address at 
the top of this page, and one copy to the 
Editor of Chemical Engineering Pro- 
gress, Mr. F. J. Van Antwerpen, 120 
East 4lst Street, New York. 

If you wish to present the paper at 
a particular symposium, one copy of the 
form should go to the Chairman of the 
symposium instead of the Technical Pro- 
gram Chairman of the meeting. 


Before Writing the Paper 


Before beginning to write your paper 
you should obtain from the meeting 
Chairman, or from the office of the Sec- 
retary of the A.I.Ch.E., at 120 East 41st 
St., New York, a copy of the A.I.Ch.E. 
Guide to Authors, and Guide to Speak- 
ers. These cover the essentials required 
for submission of papers to the A.I. 
Ch.E. or its magazines. 


Copies of Manuscript 


Five copies of each manuscript must 
be prepared. For meetings, one should 
be sent to the Chairman of the sym- 
posium, and one to the Technical Pro- 
gram Chairman of the meeting at which 
the symposium is scheduled. If no sym- 
posium is involved, the two copies should 
be sent to the Technical Program Chair- 
man. The other copies should be sent to 
the Editor's office since manuscripts are 
automatically considered for publication 
in Chemical Engineering Progress, or 
the symposium series of Chemical Engi- 
neering Progress, but presentation at a 
meeting is no guarantee that they will 
be accepted. 


DEADLINE DATES FOR PAPERS 


SPRINGFIELD MEETING—January 9, 1954 
ANN ARBOR MEETING—February 15, 1954 
GLENWOOD SPRINGS MEETING—May 12, 1954 
NEW YORK MEETING—August 12, 1954 
LOUISVILLE MEETING—November 20, 1954 
HOUSTON MEETING—definite dates hove not 
been set. 
LAKE PLACID MEETING—May 25, 1955 
DETROIT MEETING—July 27, 1955 
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Tube Wall 


Stagnant Fluid Films — 


One of the causes of heot trans 
fer res:stonce is the stagnort fluid 


films next to tube walls (shown 


of tube itself is of 
sma "portance. But becouse 
PYREX pipe is 

t resists scale formotion which 


gloss smooth 


impedes heot flow 


One Pyrex cascade cooler 


Here’s why it will pay you to check your present 
methods of manufacturing and processing chemicals 
and pharmaceuticals. 

John Wiley Jones Company, manufacturer of 
“Sunny Sol” houschold bleach did just that. Now 
they save 8 to 10 man-hours on every 750-gal. batch 
of 15% sodium hypochlorite bleach. They did it by 
replacing previous equipment with one Pyrex brand 
Cascade Cooler. 

Because this installation at its Beech Grove, Ind. 
(Indianapolis) plant has proved so successful, the 
John Wiley Jones Company plans similar installa- 
tions of Pyrix Cascade Coolers in its other plants. 

In this process, chlorine is absorbed into a 76% 
solution of sodium hydroxide as fast as possible, while 
the temperature of the solution is held below 85 F. 
Approximately 500,000 BTU (67,000 BTU per 100 
gal.) must be dissipated through the Pyrex Cascade 
Cooler while the 750-gal. batch is being chlorinated to 
a concentration of 156 sodium hypochlorite. Average 
time tor this processing is about 3'2 hours. 

In addition to economical heat transfer efficiency 
PykeEX Cascade Coolers offer exceptional resistance to 
virtually all acids (except hydrofluoric) and mild 
alkalies. This over-all corrosion resistance protects 
sensitive products and permits the use of low-cost 
river or sea water as a coolant. 
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CASCADE COOLER assembled of 18 standord 10 foot 
PYREXK heot exchanger pipe, arranged in two bonks 


PYREX 


lengths of 2 


with standard PYREX U-bends at John Wiley Jones Compony piont, 
Beech Grove, ind. (indianapolis). 15% solution of sodium hypo- 
chlorite bleach is circulated through the cooler of 35 GPM, 
under approximotely 45 ps 


saves 1 to 10 hours on every batch 


Through transparent glass, you can watch the flow 
and easily detect air locks or other impediments. The 
hard, smooth surfaces clean easily; dust and scale 
yield quickly to a weak acid poured through the tubes. 
High physical and thermal strength of the glass itself 
minimize breakage. 

Pykt x Cascade Cooler units come completely pack- 
aged and can be installed in a day or less. To save 
space you can mount them on floor, wall or ceiling. 

The coupon will bring you a wealth of helpful in- 
formation on Pyrex brand Cascade Coolers, Pipe, 
Fractionating Columns and other plant equipment, 
Mail it today. 


Corning Glass Works 
Dept.EP-12, Corning, New York 


Please send me the printed information checked below 
“PYREX brand Glass Pipe in the Process Industries” (EA-1) 
‘PYREX brand ‘Double-Tough’ Gloss Pipe and Fittings” 


| 
| 
| 
(EA-3) 
| 
| 
| 


“Plant Equipment Glassware for Process Industries” (EB-1) 
“Installation Manual” for PYREX brand ‘Double Tough’ 
Glass Pipe-(PE-3) 
“PYREX Cascade Coolers” (PE-8) 

Nome 

Title 

Company 


Street 


e 
| 5 | 
| 
! 
City 
Corning means research in Glass 
1 Zone State ! 
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“HEAT EXCHANGERS 


3. Designed for easy 


For many years we have 


all 
steel Deoxo Gas 


gineers is available for 
solving your problems on 


DAVIS ENGINE ERING 


1064 FAST GRAND STREET i 
4 NEW JERSEY NEW YORK 20 NEW YORK 


30 PLATA 


MARGINAL NOTES 


(Continued from page 56) 


Reactions Classified in Guide Book 


Synthetic Methods of Organic Chem- 
istry, Vol. 7. W. Theilheimer; Inter- 
science Publishers, Inc., New York 
(1953), X1+ 450 pp. $14.90. 


Reviewed by J. E. Snow, Heyden 
Chemical Corp., Garfield, N. J 


This is the seventh volume of this 
work which has now become an annual 
publication. In this book the author has 
collected abstracts of the new and extra- 

preparations and methods ap- 
in the chemical literature during 
He uses an abun- 
to illustrate the reac- 
and lists materials, 
and vields clearly. For pur 
has 
not 


ordinary 
pearing 
the course of a year. 
dance of formulae 


tions given raw 


references 
poses of reaction classification he 


system which, while 


should be well under 


employed a 
difficult to master, 
stood in order to derive the greatest 
from the bock. A compound index 


is included to aid 


value 
in locating material 
for those not versed in the classification 
method, 

Volume 7 contains bstracts under 
176 different classification headings cov- 


919 a 


variety of chemical trans- 
Most of these 
available 
and foreign 
only abstracted when the 
formation elsewhere. 
This volume does not replace “Chemical 
Abstracts” or literature refer 
merely a guide for 
possible appli 


ering a ice 
entries are 
journals. The 


journals are 


formations. 
reaclily 
obscure 


from 
more 
same-type in- 
is not contaimed 
prumary 
ences, but acts as 
screening methods for 
cation to a problem. 
This series is primarily for the labora- 
research chemist. Here he might 
find the more unusual and specific type 
of reaction which would solve a prepara- 
tive problem not yielding to conventional 
The material in this volume 
by its very nature, be of limited 
value to the chemical engineer 
engaged in development and production. 


tory 


methods, 
would, 
average 


Heat Transfer 


A Symposium. University of Michigan 
Press, Ann Arbor, Mich. (1953), 286 
pp. $5.00. 


Reviewed by Edgar L. Piret, Profes- 
sor of Chemical Engineering, Untver- 
ty of Minnesota, Minneapolis, Minn. 


This publication brings together in 
book form the lectures on special topics 
in heat transfer presented by the speak- 
ers of the University of Michigan 1952 

| Symposium on Heat Transfer. The 
| emphasis is placed on the presentation 
authoritative 


and interpretation of re- 
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cent developments in the specific areas 
Hence this book can be well 
recommended to those who are inter- 
ested in the d of heat transfer 
but who have not had the opportunity to 
follow the numerous individual research 
publications. As 
teristic of the 

presses, the format and presentation are 


covered. 


general fiel 


seems to be charac- 


product of university 
attractive. 

Such publications 
solve the 


as this one help to 

problem of the 
who knows that certain re- 
related to his own 


reading 
researcher 
search activities are 
interests but who cannot possibly find 
the time 
research literature emanating nowadays 
in the technical and scientific press. 


to cover the immense body of 


The chapters listed are: 


Conditions in Heat Transfer Problems 
which Create High Thermal Stress 
Alan S. Foust. 
Behavior of Materials under conditions 
f Thermal Stress——S. 
Liquid-Metal Heat 
Popp ndick 
Heat Transfer 
Warren M. 
Recent Developments in Convective 
Heat Special 
ence to High-Temperature Combustion 
Martin 
Convective Heat 
Velocities—E 


Manson. 
Transter—H. |] 


with Evaporation 


Rohsenow 
Refe r- 


Transfer with 


Chambers Summertield 


Transfer at High 
Eckert 
Film 


Pranspiration and Cooling— 


EK. R. G. Eckert. 

Forced Convection from Nonisother 

mal Surfaces—Myron Tribus 

Klein 

Theoretical Considerations in 
A. Schaat 

Methods 


Dynamics—S. A, 


and John 


Rarefied- 
Gas Dynamics 
Experimental and Results 
in’ Rarefied-Gas 
Schaaf 

Comparison of Temperatures in Solid 


and Their Sealed Models 
Churchill. 


Bodies 
R. V. 


Books Received 


Fabricated Materials & Parts—A Com- 
parison of Cost & Design Factors. 
T. C. DuMond. Reinhold Publishing 
Corp.., New York (1953), 327 pp. 
$6.50. 


Refractory Hard Metals. Paul Schwarz- 
kopf and Richard Kieffer in collab- 
oration with Werner Leszynski and 
Fritz Benesovsky. The MacMillan 
Co., New York (1953), 447 pp. 
$10.00. 


Pipe and Tube Bending. Paul B. Schu- 
bert. Industrial Press, New York 
(1953), 183 pp. and 159 illustrations, 
$5.00 
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LOCAL SECTION NEWS 


(Continued from page 61) 


Gale S. Peterson, the corresponding sec 
retary, also sent in a detailed account of the 
September and October meetings. 

The October meeting was a special feature 
(Ladies Night) which will undoubtedly become 
an annuol institution. After a dinner and 
short business meeting held at the Caroline 
Pines Restaurant in Los Angeles, the entire 
group of approximately 125 members, wives 
and guests adjourned temporarily to reconvene 
at the new C. B. S. Television City in Holly- 
wood for a conducted tour of the new multi- 
million building and studio facilities. 


The Ichthyologists (Boston Section) 
got a real lesson in the development of 
personal salesmanshjp at the regular 
meeting on Nov. 20. Walter G. Strath 
ern, assistant director of industrial rela 
tions, Eastern Gas & Fuel Associates 
entitled his talk “How to be Human on 
the Job,” and with “outstanding elo- 
quence,” says Reporter A. G. Smith, he 
delivered some real pointers on the prac 
tice of tactics and techniques in every 
day dealing with people 


Ihe October meeting of the Cleveland 
Section began with a dinner in the 
Oak Room at Fenn College. The 
speaker for the evening was Aaron 
Teller. He gave a talk entitled “The 
Rosette, a New Packing for Diffu 
sional Operations based on High In 
terstitial Holdup.” 

W. Hi. Charbnonet, who sends us 
news of the Cleveland Section, re 
ports the following plan of meetings 
as outlined by Herb Metzger, chairman 


January, 1954 
Subject—Catalysis 
Speaker—From Harshaw Chemica! 
Co. 
February 
Subject—Your Life and Man-mack 
Fibers 
Speaker—Edwin Danneberger 
Textile Fibers Dept. 
Du Pont Co. 
March 
Subject—Spray Drying 
Speaker—D. A. Smith 
Swenson Evaporator Co 
Mer. Spray Drying Dep: 
April 
Subject—Human Relations 
Speaker—B. H. Taylor 
B. F. Goodrich Co 
Employee Relations Divi 
sion 
May 
Plant Trip as Guests of Diamond 
Alkali Co., Painesville, Ohio 


The Cleveland Technical Societies 
Council has asked the Cleveland Section 
to furnish six men for the annual 
“Career Conference on Engineering.’ 
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YOUR FILTERING PROBLEM A SPECIAL ONE? 


Then it’s even more important thot you find out what PORO-STONE filtration con do. Shown 


below is an Adams pockaged plant for 
ADAMS © permanent filter medio continuous filtration af molten phospho 
. bi rus. Whether “special” or “standard” 
PORO-STONE © backwash without disassem y your filtering problem is met by experi 
o “packaged s ready for use enced engineering and competent pro 
FEATURES owth ithout filter aid duction at R. P. Adams 
Write for Bulletin No. 431 


R. P. ADAMS Cco., INC. surrate 47, 


PUMPS _ 7-500. 15,000 ‘or 30,000 pil working pressure 
IN ONE ° Cylinder” essembies in "the. some ‘pump. frame 


MICRO-FLEX 


CHEMICAL PROPORTIONING 


PUMPS 


ble while pump 
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All liquid in ke readily odjusime™- 
e ing H sto 
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3 Stroke age is running blies for 7,50 
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15,000,0" pump frome: ‘col linkoge COMPRESSORS | 
bie in the some sitive mechor INSTRUMENTS 
ted by P° turn spring DEAD. WEIGHT GAGES 
oco re t 
5, Piston nor joe rely replocemen 


DESCRIBED IN 
CAT. 406-A 


AMERICAN INSTRUMENT CO.,INC. 
Sitver Spring, Maryland » in Metropolitan Washington, D. C 
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LOCAL SECTION NEWS 


(Continued from page 65) 


The 1952-53 Board of Directors oi 
the Rochester Section of the A.I.Ch.E. 
voted $100 to the University of Ro- 
chester as a scholarship fund for a 
worthy chemical engineering student; 
the student to be determined by the 
Scholarship Committee of the Univer- 
sity. The 1953-54 Board of Directors 
has voted to continue this scholarship 
on an annual basis. William Euilinger, 
secretary, Rochester Section, states 
that at the first meeting, this decision 
was confirmed by the general member 
ship, with the final decision and amount 
to be determined by the Board of 

| Directors The first student to be 
granted this scholarship is Donald P 
| Sullivan, a freshman at the University 


The Maryland Section held its first meeting 


~~ MICROMETER- POISE of the 1953-54 season on Oct. 20, at the 
Engineers Club in Baltimore City. A  cock- 
~ INDUSTRIAL BALANCES tail party preceded the dinner. The speaker for 
the evening was David E. Pierce, engineer- 
above 


sede! 1910 Bel No other balance offers the speed and accuracy of the new Micrometer maintenance consultant. Mr. Pierce’s subject 
ence Industrial Poise Industrial Balance. Any weight may be obtained in a matter of 
being vsed to seconds by merely sliding and rotating the micrometer poise to the - : 
determine @29¢' desired value. the words of T. E. Byerly, publicity chairmon, 
ogy rere The balance also features an undivided tare beam to counterbalance he explained how maintenance expenditures 

@ container so that net values can be read directly. can be systematically and accurately forecast 

For details on other models and prices write for free brochure. 


was “Cost Control by Kilowatts,”’ in which, in 


when based on kilowatt power consumption of 


OHAUS SCALE CORP. @ manufacturing concern. 


1044 COMMERCE AVE. UNION, N. J. William MacNevin, professor of 
chemistry at the Ohio State University, 
discussed “The Trapping of Solar 


Write PSC About _ Energy” at a meeting of the Central 


Ohio Section on Nov. 24. According 


to our reporter G. F. Sachsel, the meet- 
| ing, at the Ohio State University 


Faculty Club, was preceded by a dinner 


—— at which C, J. Geankoplis, professor of 
r chemical engineering at Ohio State. 
presided. 


Li 
of Oct. 12, 1953, was the date of a meeting 


of the New Orleans Section held jointly with 


the Louisiana Engineering Society at the Engin- 


. 0 eers and Architects Club of New Orleans. 
23 W. L. Badger was speaker of the evening and 

eering. Mr. Badger served as director of 
research for Swenson Evaporator Co. from 


| his talk included the history of chemical engin- 


1917 to 1937 and now serves as a consultant 


for various companies. Alton S. Hall, chair- 


man of the Publicity Committee, sent in a report 
of this meeting. 


A meeting of the El Dorado section 

‘Id Oct. 9, 1953. Flowers, Sr., 

Fabricated from Complete Range of Alloys, was held Oct. 9, 1953. Joe Flowers, Sr 

on account executive, Merrill Lynch, 

Any Diameter Up to 60”, and in Any Shape | Pierce, Fenner and Beane, spoke on the 

behavior of chemical stocks on the New 

PSC welded process tubing is furnished Any diameter up to 60”; wall thicknesses York Stock Exchange, according to 
in any alloy whatsoever. This feature ac- to 3/8"; temperatures to 2200°. Pre- scoaster White 

counts for its wide application in meeting cision fabrication of tubing assemblies ~~ . 

the unlimited variety of heat, corrosion, is a specialty. Send b/p J. T. Hugill of the Canadian Liquid Air Co., 

oxidation conditions in process plants. . or write as to your needs. | usd. will address the New York Section ot 


: | the Brass Rail on Jan. 20, at 6 P.M. A. 
THE PRESSED STEEL CO., 708 N. Penna. Ave., Wilkes-Barre, Pa. | Jonnerd of the Publicity Commitee of the sec 
| tion, says the subject will be “Low Temperature 


| Techniques.” 
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Two meetings have been held by the North- 
New York Section this fall. H. A. 
Steinhauser, Jr., reported on both. The more 


eastern 


recent, held on Nev. 5, was a trip through 
Co.'s Silicone plant at 
Waterford, N. Y. The members had an oppor- 


the General Electric 
tunity to see the process from start to finish. 

The earlier meeting was held on Oct. 13, in 
the Behr-Manning Corp. The 
through the 


Watervliet at 
meeting included a plant trip 


coated abrasives plant. 


\ meeting of the Ohio Valley Sec- 
tion held on Nov. 2 at the 
Engineering Society of Cincinnati 
Nathan Gilbert, associate 


Was 


headquarters. 
protessor of chemical engineering at 
the University of Cincinnati, talked on 
“Chemical 


Ingincering at Tennessee 


Valley Authority.” N. W. Morley, Jr., 
reported the meeting. 
On Oct 14 the Chicago Section held its 


first meeting of the fall season in the Builders’ 
Club in Chicago. After dinner, 
R. G. Edmonds of the Carbide and Carbon 
Chemicals Co. presented a 


downtown 
talk on its pro- 
the 300 
tons/day pilot plant located at Institute, W. 


duction of chemicals from coal in 
Va. The talk was well received by the ap- 
proximately 175 members and guests, so says 
Harry Betzig, reporter. 

B. Lyle Lex, publicity chairman of 
Columbia Valley Section, sends in word 
that his section joined the Richland 
Section of A.C.S. on Nov. 13 in spon- 
soring an address Farrington 
Daniels titled “Our Future Sources of 
Energy.” He further that on 
Oct. 6 and 7 the section sponsored the 
1953 Chemical 
Show of equip 
ment and chemical products. The show 
was held in the Richland Community 
House. Plans are under consideration 
for enlarging the scope of the show 
and presenting 
annual basis. 


States 


Industrial 


processing 


Engineering 
chemical 


it on an annual or hi 


The Atlanta Se 
of 1953 on Nov. 
the Georgia Tect 


yn held its fourth meeting 
in Brittain Dining Hall on 
ampus. Fifty-six members 
and guests attended. After a brief business 
session J. W. Mason, dean of engineering of 
Tech, 
Mason based his discussion on his “Year with 
in the Du Pont 
The talk wos 
question-and-answer 


Georgia spoke to the group. Dean 


Du Pont’ as a participant 
Educator in Industry Progrom. 
followed by oa period 
which capped off one of the best meetings, in 
the opinion of the reporter, H. H. Sineath. 


At the November meeting of the 
Texas Panhandle Section John P. Gille 
of Brown Instrument Division, Minne- 
apolis Honeywell Regulator Co. spoke 


on “Instrumentation for the Process 
Industries.” Carl Kron sent in the 
names of the ofticers elected for 1954. 


are: 


.. Howard Weaver 
H. Gravy 
S. Whitsel 
wee W. B. Polk 
Blundell Cc. M. 
A Webber 


N. V. \ 


Firebrick Co 


Chairman 
Vice-Chairman 
S retary | 
lreasurer 
Directors: S. A, 
Kron, and L. 
At the October 


Franchot of the Christy 
Refractories.” 


meeting, 
spoke on “Super 


W. E. Osborn, 
Phila.-Wilmington Section, informs us that the 


corresponding secretary, 
Section plans a season of ten regular scheduled 
This is made up of two joint meet- 
first and last 


meetings. 
ings held in a central location 
meeting of the season), four meetings in the 
Wilmington area (second Tuesdays in November, 
January, February, and March), and four meet- 
Philadelphia (third Tues 


days of the same months). 


ings in the orea 

The first meeting of the current season was 
a@ joint meeting of the Philadelphia and Wil- 
mington groups and was held in Chester, Pa. 
About dinner 


70 persons were present for 


with about 110 in attendance for the meeting | 


itself. The speaker for the evening was John R. 


Menke, president of Nuclear Development As- 
sociates, Inc. His talk dealt with present trends 
in nuclear reactors with special emphasis placed 


on their use for power production. 


The secretary of the Terre Haute 


Section, B. L. Lubin, wants us to pick | 


up all the loose ends and report on hi 
section's doings for the several 


months. (Space 


past 
won't permit so ex 
Ed.) At the meet 
Oct. 22 Sam Rudder of the 
Foxboro Co. discussed the outstanding 
improvements in the field of 
many 


tended an account 
ing on 


instru 
using slides in his 
The has decided 
to hold more meetings that are 


mentation, 
presentation, section 


non 


technical in nature. A program of 
social periods, hobby groups, and 
other means of entertainment will be 


encouraged 


The second dinner meeting of the Pittsburgh 
Section for the 1953-54 season was held at 
the Sheraton Hotel on Nov. 4, 1953. Messrs 
Morrissey and Black wrote us about the talk 
by R. C. Werner, 
Mine Safety Appliances Co 
“Sodium and Other Alkali 
Heat Media.” 

Tables and graphs were presented by Dr. 


given project supervisor, 
His subject was 
Liavid Metals as 
Transfer 
Werner to illustrate such physical properties 
as density, viscosity, thermal conductivity, and 
heat capacity. Metering and processing equip- 
ment was discussed with emphasis on methods 
of pumping, measuring flow rates, and care 
that must be exercised in the design stage to 
avoid corrosion or other hazards. Dr. Werner 
stated further that applications of these metals 
Also 


that the government is operating two atomic 


to heot transfer are limited at present. 


power plonts, using liquid metals to transfer 
heat from an atomic pile to generate steam. 
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VANTON PUMP - 


* non-corrosive 


non-contaminating 


POLYETHYLENE 
flex-i-liner PUMPS 


designed specifically for corrosive and 
hazardous fluids 


NO STUFFING BOXES, glands, 
shaft seals, gaskets or check valves. 
Fluid contacts only outer surface of 
durable precision molded flexible 
liner and inside of pump body block. 


Select proper material and forget 
about corrosion or contamination. 


Available in: 

Body Blocks: Polythelene, Bakelite, 
= N Hard Rubber, unplasticized 
PVC, Stainless Steel. Flex-i-liners: 
Natura! and pure gum rubber, Neo- 
prene, Buna N, Hycar, Vinyl, Compar 
and Silicone. 


CAPACITIES from fractional to 20 
gpm... excellent for those hard to 
handle corrosive fluids and slurries. 
Illustrated booklet on request, as well 
as descriptive literature on corrosion 
resistant centrifugal pumps, valves, 
pipes and fittings. 


PUMP AND EQUIPMENT CORP. 
EMPIRE STATE BLOG. « NEW YORK I,N.Y. 


Page 67 


DE 
alls. 
' 
| 
— 
Vol. 49, No. 12 


AIR 


CLASSIFYING 
SYSTEMS 


Diy grinding 1s easy when you use a 
Hardinge Mill and Air Classifier. With a 
Hardinge Superfine Classifier (illustrated) , 
a 99149 passing 325 mesh product is obtain 
able. 

The Hardinge Conical Mill is illustrated. 
Hardinge also makes ‘Tricone, Tube, 
Cylindrical, Batch, and Rod Mills, for con- 
tinuous grinding applications 

Write for Bulletin 17-B-40_ stating 
grinding problem. 


HARDINGE 


COMPANY, INCORPORATED 


your 


YORK PENNSYLVANIA 260 Arch Mom Otice and Works 
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PEOPLE 


G. H. SCHAFER NOW 
AT TRONA (CALIF.) LAB. 


As a part of the current program to 
enlarge and strengthen the research de 
partment, Glen H. Schafer joined the 
Trona, Calif., laboratory of the Amer- 
ican Potash & Chemical Corp. on Oct. 
29. For the present he has been assigned 
to work in the new products division. 

Mr. Schafer obtained both the B.S. 
and M.S. degrees in chemical engineer- 
ing at the University of Colorado. Dur- 
ing the ensuing fifteen years he has 
been associated, successively with the 
Magnolia Petroleum Co., U. S. Patent 
Office, Armour Research Foundation, 
and the Chas. A. Krause Milling Co. At 
the latter company he supervised the 
control laboratory and, later, was in 
charge of research and development. 


T. S. Leary is now chief chemist of 
the chemicals department, Calco Chem- 
ical Division, American Cyanamid Co., 
Bound Brook, N. J. Prior to this as- 
signment he field positions at Calco in 
the engineering department, 
the central pilot plant, and the textile 
resin department. Before joining 
American Cyanamid, r. Leary re- 
his B.Ch.E. M.S. degrees 
from Rensselaer Polytechnic Institute, 
and his Ph.D. from Iowa State College. 


chemical 


ceived and 


C. Jack Thomas is now manager of 
the Doe Run, Ky., plant of the Mathie- 
son Chemical Corp. Prior to this ap- 
pointment he was assistant manager of 
Doe Run operations and prior to that 
superintendent of — the plant 
there. Joining the company in 1950, he 
participated in the 
struction, and start-up of the plant. Be- 
fore going to Mathieson he was associ- 
ated with the Dow Chemical Co. at 
Freeport, Tex., and Midland, Mich. Mr. 
Thomas did graduate work in chemistry 
at the University of Texas. 


glyer 


engineering, con- 


Russell L. Bauer is now section 
manager in the organic chemicals divi- 
sion development department of Mon- 
santo Chemical Co., St. Louis, Mo. In 
this capacity he will be concerned pri- 
marily with the economic appraisal of 
development projects. He joined the 
company in 1937, after receiving his 
B.S. degree in chemical engineering 
from Washington University. Later he 
was employed by the W. G. Shelton 
Co., and in 1941 he joined the DuPont 
Co., returning to Monsanto in 1945 as 
a member of the general development 
department. He has been manager of 
the process section of the general engi- 
neering department since 1948. 
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John H. Wishnick, formerly super- 
intendent of the Witco Chemical Co., 
Chicago, has been appointed vice-presi- 
dent in charge of production and trans- 
ferred to Witco’s headquarters in New 
York. Prior to his affiliations with Wit- 
co, Mr. Wishnick was, for two 
the oil black division 
Co. at Westlake, 


B.S. degree in petro- 


vears, 
manager ot Con 
tinental 
He received his 


Carbon La. 
leum engineering from the University 
of Oklahoma. 


Fred L. Hartley was recently ap- 
pointed manager of a new commercial 
development established by 
Union Oil Co, in its research and pro- 
Mr. Hartley has been 
with Union Oil for fifteen years as man 


division 
cess department 


ufacturing process supervisor in charge 
of process design, and for the last three 
years as general superintendent of oper- 
ations at Union’s Los Angeles refinery. 


Robert E. Maier has recently be- 
come senior research supervisor in the 
research division, polychen icals depart- 
ment, Experimental Station, Du Pont 
Co., Wilmington, Del. In his new posi- 
tion he will direct development of new 
processes for making plastics and appli- 
cation of mathematical methods to solu- 
tion of chemical engineering problems. 
Joming DuPont in 1939 at the plastics 
laboratory, Arlington, N. J.. 
engineer, he 


as a chemi- 
cal advanced to re- 
search supervisor in 1950 when the plas- 
tics research group moved to the 
Experimental Station. He received the 
degree of chemical engineer from the 
University of Cincinnati. 


Was 


was 


Wayne W. Binger is now assistant 
chief of the chemical metallurgy divi- 
sion, Aluminum Research Laboratories 
of Alcoa. He received his B.S. degree 
in chemical engineering from the Uni- 
versity of Wisconsin in 1943 


J. W. BODMAN RETIRES 


John W. Bodman, technical adviser 
to the Lever board of directors and 
director of research for twenty-five 
vears for Lever Brothers Co., retired 
Nov. 1. He the company in 
1925 after extensive experience in both 
the soap 


joined 
research and production in 
and edible fields. After joining Lever 
he contributed many methods, 
patents, and processes that are still used 
in the industry. Mr. Bodman was grad- 
uated from the University of Missouri in 
1910 with a B.S. 


new 


degree in chemical 
engineering and was associated with 
Peet Brothers, The N. K. Fairbanks 
Co., and the Wm. Garrigue Co. in var- 
ious engineering and research capacities 
before joining Lever. 
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John V. Roach has recently been 


made superintendent at the Chicago | 


plant of the Witco Chemical Co. As 


° 
sistant superintendent at Chicago since 
1952, Mr. Roach joined Witco in 1948 | 


as a chemical engineer. Prior to that 
time he was affiliated with the Grasselli 
Chemicals Division, DuPont Co., Cleve 
land, Ohio. He received his B.S. in 
chemical engineering from Illinois In 
stitute of Technology. 


Herbert C. Thober, chief chemical 
engineer for the Sun Oil Co., Toledo, 
Ohio, was elected president of the To 
ledo Society of Chemical Eng inee rs lor 
the year 1954. The Society, which is the 
representative group for chemical en 
gineers from all of Toledo's industries, 
also voted to assist the University ot 
Poledo in the training of chemical engi 
neering students for industries in which 
they are most needed. At the same tini 
Lawrence Larsen also of Sun Oil, was 
named secretary-treasurer, and William 
Williams, Maumee Development Co., 
was elected to the executive committe 


J. Robert Snyder, a graduate stu- 
dent in the department of chemical 
engineering at the University of Penn 
sylvania, has received a research fel 
lowship provided by Autoclave 
engineers, Inc. He is engaged in a 
fundamental study of agitation as a 
factor in chemical reactions 


The appointment of Emil Hladky 
is assistant chief chemical engineer, 
Caleo chemical division, American Cy 
anamid Co., Bound Brook, N. J., has 
been announced, Prior to this appoint 
ment he was with the company’s ultra- 
marine plant of Newark, N. J., and nre- 
viously held the positions of chief en 
gineer and assistant manager of the ti 
tapium dioxide department at the Piney 
River plant, Va. 


Louis E. Garono was recently ap- 
pointed chief engineer of the Chemi 
cal Corps Engineering Agency, Army 
Chemical Center, Md. Mr. Garono, who 
received his M.S. and B.S. degrees in 
chemical engineering from the Massa- 
chusetts Institute of Technology, was 
formerly chief of the plants division, 
engineering Agency, Army Chemical 
Center, Md., as well as engineering su 
perintendent of the Atlantic Gelatin 
Division of General Foods ¢ orp. 


The appointment of Fred Wehmer 
as technical sales manager has been 
announced by Rubber & Asbestos Corp., 
Bloomfield, N. J. Mr. Wehmer was for 
merly technical director of the adhesives 
and coating division of Minnesota 
Mining & Manufacturing Co. 
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DELRAC P 


—_ the Furane Resin Cement that 


® RESISTS CORROSION = 


Acids, Alkalies, Solvents 


e SETS PERFECTLY = 


- Summer or Winter 


@ WITHSTANDS HEAT= 


Temperatures up to 375° F. 


Highly efficient as a mortar for corrosion-resistant masonry, 
Resiment is low in porosity and high in compressive and 
tensile strength. It is supplied in the form of powder and 
liquid, in proper combinations, for mixing at time of use. 
Sets quickly by internal chemical reaction. 


Write for Folder and Prices 


DELRAC CORPORATION 134 Mill St., Watertown, N. Y. 


In This Plant Nicholson Traps 


SAVED 10% IN STEAM COSTS 


Chief Engineer H.F.D. stated, after Nicholsons replaced mechani- 
cal traps in his plant: “Saving in steam waste cut our fuel cost at 
least 10%. Yet application temperatures were up 30°-40°, And 
relief of all air binding effected faster warm-up.” 

Operate on lowest temperature differential; 2 to 6 times average 
drainage capacity; maximum air venting. For other advanced 
Nicholson features send for Bulletin 853. 


Type 
AHV 


Type 
8 


Bulletin 
Type AU = 853 


S TYPES FOR EVERY APPLICATION, process, heat, 
power. Sizes ‘4° to 2 pressures to 250 Ibs 214 Oregon St., Wilkes-Barre, Pa. 


NICHOLSON 


TRAPS -VALVES : FLOATS 
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SENIOR PROJECT MANAGER — Permanent 
L A S F | FE D S f . Tl O N position on our engineering staff for a 
mechanical or chemical engineering gradu- 
ate with eight to ten years’ experience in 
petroleum refinery, petrochemical or chemi 
SITUATIONS OPEN cal plant design and development. Ours is 
an East Coast organization known 
world over for accomplishments in 
fields. This position requires the capacity 
to assume immediate and complete respon- 
sibility for the coordination of the ac- 


CHEMICAL ENGINEER tivities involved in this endeavor. There is 
PROCESS DEVELOPMENT considerable customer and vendor contact. 
Recent graduate, with Ph.D. degree or Our salary offer is high, and in addition 
we have a liberal pension plan, an accumu- 
equivalent preferred, for fundamental lative vacation policy, executive insurance 
engineering research on a variety of and many other employee benefits. We will 
assume the expense incurred by traveling 
and moving to this area. Please write de- 
tails of experience, education, salaries re 
original work with large chemical com- ceived and initial salary requirements. 
BS. and M.S. degrees required. Expe- pany in Midwest. Salary commensu- Complete privacy is guaranteed. Our per 
sonnel know of this opening. Box 5-12 


Physical Chemists for process develop- 


ment in Atomic Energy feed materials chemical engineering projects Ex- 


production and refining. cellent opportunity for interesting and 


rience desired but not necessary. rate with training and experience 
Please give complete résumé of educa- 
Reply to Box 2-12, stating qualifications tion and personal history. Inquiries 
and salary requirements. also invited from present Ph.D. candi 


dates. Box 6-12. EXCEPTIONAL OPPORTUNITY 


For chemical or mechanical engineer 
under thirty with truly outstanding 


CHEMICAL ENGINEER---Young man, 25 to 
30, two to four years’ experience, rubber bility 
compounding and plastics extrusion. E=. qul y into position responsibility 

CHEMICAL ENGINEERS cellent future. Progressive Northeastern requiring unusual technical ability and 
Ohio manufacturer. Box 7-12. interest in administration and sales. 

e. F DEVELOPMENT CHEMICAL ENGINEERS ability. We are a young, vigorous 

Permanent position open in Leading producer of heavy chemicals has 

most rapidly growing alumi- for chemical engineers to perform chemical ply 

engineering calculations, process and equip- comprece resume tO DOE 
num smelter in the United States. ment design, and pilot plant operation. De- 


: ; velopment facilities located in pleasant 
Excellent opportunity for rapid community in Westchester County, N. Y., 
advancement. Write Alloys & offering desirable living conditions. Ex 
Ch : | Mf Cc 4365 cellent opportunity for graduate engineers 
emicals g. o., Inc., with 0 to 4 years’ experience (preferably 
P in the heavy chemical or petroleum indus- SITUATIONS WANTED 
Bradley Road, Cleveland 9, Ohio. tries). Please include a résumé and state 
scholastic standing and salary requirements. 


Box 8-12. A.I.Ch.E. Members 


AGEMENT- Age 36. M.Ch.E. Twelve 
years’ experience man- 
ager of alcohol plant; ‘chief engineer of 


eight plant organization; ‘assistant to vice 
president in charge of production. Seeking 
responsible position in production, manage- 
ment or plant engineering Box 3-12. 
P K O J E T p 0 ES SEASONED CHEMICAL ENGINEER—Sixteen 


scholastic record and potential to grow 


corporation run by engineers designing 


| years practice, seeks permanent responsible 
technical supervisory position. Background 
includes administrative experience re- 
search, development, design, operation and 
technical service in petroleum, petrochemi- 
| cal and A.E.C. fields. Professional degree, 
3 , Q-cleared. Age 39, married. Indicate salary 
New York Engineering and range. Box 4-12 


Construction firm. Long ee 
Heavy responsibility in process de- SERVICE—B.Ch.E., M.B.A. credits toward 
established in the design | sign and development for a Ch.E. Goetagate, Age P*. married, veteran. Eight 
i | with eight to ten years’ experience | years’ industrial experience, four years in 

and construction of process He active selling and four years in develop- 
plants for the petroleum Thilo ts © permanent pesiiicn with ment ond research. Willing to travel. 
refining and chemical in- an East Coast organization known -- = - 
wereld ever fer CHEMICAL ENGINEER——B.ChE. 1950. Three 


> = years’ experience includes 2! years process 
ments in the design and develop- design, equipment design, layout, specifica- 


ings in their project en- ment of oil refineries and chemical tions, and procurement, with leading chemi- 

. P . } lants. The man selected must cal manufacturer. Six months liaison engi 
gineering dept. for gradu = the potential te w ise neer between development and procurement 
ate Chemical, Mechanical _ 


Age 26, single, veteran. Available im- 
at other senior process engineers. | _mediately. Box 11-12. 
or Civil Engineers, with a : 
: High salary. Traveling and moving CHEMICAL-MECHANICAL _ENGINEER—De- 
about 2-5 years experience expenses paid. Unusually liberal Associate 
: member A.LChE.. M.E.LC.. P.E. Lecturer 
in plant operations, insurance and pension at McGill University 
or design. ans. rience as plant engineer and assistant man 
8 ager in heavy industrial and chemical 
Our staff knows of this opening. plants, process and design. French, German. 
In reply please submit in All replies held in strictest con- ome Spanish and Swedish. Single. Box 
detail educational back- perience, education, salaries re- CHEMICAL ENGINEER-—BS. MS. Four 
ground and experience. ceived and initial salary require- years’ diversified experience, six months 
ments. extensive European travel Seek position 
dealing primarily with people and equip- 

Box 1-12 Box 235, Room 1201 ment. Location immaterial. Box 13-12. 


230 West 41 St., YOUNG CHEMICAL ENGINEER —B.ChE. 
New York 36, N. Y. 1952. Recently released from Air Force 
Present position in process engineering. De- 
sire position in production or development, 
in Northern Great Lakes area. Box 14-12. 


SALES ENGINEERING OR TECHNICAL 
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CHEMICAL ENGINEER-—MS. 1947, M.LT. 
en years’ experience research and ad- 
ministration, cost estimating, budgeting, 
market research, progress reporting, re 
search library administration, editing, writ 
ing, control accounting. Three publications 
St. Louis area, will relocate. Seeking re 
sponsibility in research administration 
Box 15-12 

CHEMICAL ENGINEER 3t. Ten years‘ 
diversified experience including engineering 
administration, customer relations, product 
promotion, technical sales, business adminis 
tration and plant development Seeking 
greater opportunity and responsibility in 
challenging position with stable future. 
_ Box 16 12 


CHEMICAL ‘ENGINEER M.Ch.E. 
years’ experience in plant design and 
process development of organic chemicals. 
Desire position requiring coordinating and 
planning as well as the technical ability to 
carry projects through to completion. West 
Coast preferred Box 17 


with 8'4 


CHEMICAL 1950. Age 
24, married, child. Two years’ experience 
as production supervisor; one year in pilot 
plant and engineering. Helped start oper 
ations in fine amd intermediate chemical 
processes. Desire position in process de- 
sign or engineering related to manufactur 
ing. Box 18-12 

TECHNICAL SALES OR SERVICE desired 
Consider development or administrative po- 
sition with more responsibility and freedom 
of movement. M.S.Ch.E. Eight years’ heavy 
chemical plant and laboratory process 
development: two pharmaceutical 
experience veteran, 
family. Desire to relocate eastern 
coastal, New Orleans, Los Angeles. Will 
— foreign travel or location. Box 
9.12 


CHEMICAL PROCESS- PROJECT ENGINEER 
M.S Twelve years’ experience in pe- 

troleum. petrochemicals, cellulosic and or- 
ganic chemicals. Available for highly re 
sponsible position in management branch of 
expanding aggressive company Location 
secondary to opportunity. Box 20-12. 

CHEMICAL ENGINEER. SALES BS. 1948 
Age 30, married. 5'4 years’ experience sell- 
ing to chemical industries in the South 
Particularly familiar with Louisiana 
sissippi and Alabama. Now employed, 
desire opportunity with progressive com- 
pany. Good appearance, nice personality 
and quick to learn. Own home in New 
Orleans but no objection to another 
southern city. Box 21-12 

CHEMICAL ENGINEER--Age 34, BS. Uni 
versity of Illinois. West Point graduate, 
M.S. M.LT. Practice School. Diversified ex 
perience research and development, adminis 
tration, teaching chemistry and chemical 
engineering. Army officer available June 
New England preferred. Box 22-12 

CHEMICAL ENGINEER B ChE Age 31, 
married. Nine years’ progressive experience: 
trouble shooting, development, production 
and industrial engineering supervision 
Strong in planning and cost control. Seek 
responsible staff position. Box 23-12. 


REDUCTION Active member 
L.Ch.E., licensed industrial and chemical 
Two years production heavy 
chemicals and TNT, seven years petroleum 
economic studies, two years industrial engi 
neer in steel mill. Patents. Experience in 
methods studies, standard costs, and in 
centive plans Want position as chief 
methods engineer handling methods studies, 
suggestion plan, appropriation requests, 
etc., either as consultant or employee. Age 
33, single Prefer Midwest Willing to 
travel. $9.000. Box 24-12 


PEOPLE 


(Continued from page 69) 


rhe appointment of J E. Troyan as 
vice-president and general managet 
and of Don W. Ryker as assistant 
general manager has been announced 
by Matholin Corp. which was recently 
Mathieson Chemical Corp 
They will be lo 
company’s 


formed by 
and Olin Industries, Inc. 
cated at the headquarters 
office in Baltimore. Mr. Troyan, 
has been manager of process develop 
ment in the chemical research and engi 
neering division of Mathieson, 
that company in 1949. He 
associated with Phillips |! Co., 
and Gulf 


who 


joined 
formerly 


Research and UVevelopment 
Co. For two years during World Wat 
Il he served in the Office of the Rubber 
Director, War Production Board. 

Mr. Ryker has been with Olin In 
dustries at East Alton, IIl., for the past 
seven years, most recently as manager 

hydrazine research. He received his 
chemical engineering degree from the 
University of Michigan. 


Earl D. York has joined the staff 
of the Whiting Research Laboratories 
of Standard Oil Co, (Ind.). He obtained 
his B.S. degree in chemical engineering 
at Purdue University, and has recently 
been with the Oak 
National Laboratory. 


associated Ridge 


PROJECT Presently con 
sultant in plant layout and equipment de 
sign. Available on consultant arrangement 
to firm requiring engineer for project man 
agement or assistance in obtaining new 


work. New York area preferred. Box 25-12 
CHEMICAL ENGINEER-30. Looking for re 


sponsible position utilizing ten years’ di 
versified experience in organic, inorganic, 
and petroleum fields. Abilities include cost 
estimating instrumentation, design, eco 
nomic studies and a proven record in deal 
ing with people. $8,000. Box 28-12. 


CHEMICAL ENGINEER— MS. 1950 Expe 
rience includes petroleum research and de 
velopment (vapor liquid equilibrium studies 
design, etc.) sanitary engineering, and col 
lege teaching. 5213 Parkview Avenue, West 
field, N. J 


Nonmembers 
CHEMICAL ENGINEER—B.Ch.E. 1950. Age 
Th 


hree years production and develop 
ment on all unit operations Excellent 
break-in trouble shooting experience and 
knowledge of chemical process equipment 
Desire opportunity for assignment to other 
departments in future 
Ultimate objective 
Box 26-12 


(Sales, service, ete.) 


managerial position 


DIRECTIONS FOR USE OF CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Engineering Progress are payable in 


advance at I5c a word, with a minimum of four lines accepted 
six words a line 


words. Advertisements average about 


Box number counts as two 
Members of the American Institute 


of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion 


(about 36 words) free of charge a year 


More than one insertion to members will be 


made at half rates. In using the Classified Section of Chemical Engineering Progress it is 


agreed by prospective employers and employees that all communications will be 
edged, and the service is made available on that condition. 


at $15 a column inch 


Size of type may be specified by advertiser. 


acknowl 
Boxed advertisements are available 
In answering advertisements 


all box numbers should be addressed care of Chemical Engineering Progress, Classified Section 


120 East 41st Street, New York 17, N. Y. Telephone ORegon 9-1560 


Advertisements for this 


section should be in the editorial offices the 15th of the month preceding the issue 
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TECHNICAL APPLICATIONS 


tin No. 
specificat 
and prices. 


THE THERMAL SYNDICATE LTD. 


14 BIXLEY HEATH 
LYNBROOK, N. Y. 


A fou of its pope 
fulness up to 1000 C and 
freedom from metallic’ 
trical resistivity. Best 
cable promptly from— 
Stock sies onsporent vp tof > 
4%" bore. Available for | 
diameters con be supplied =f 
for 
| 
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G. A. Webb has been appointed 


assistant to the manager of the research 

NEW NA GLE PUMPS of Koppers Company, Inc. 
Dr. Webb, formerly in the position of 

eae lower your costs of executive secretary of the new products 


committee, will plan technical research 
handling Abrasive, Corrosive, activities, hr special studies on 
Thick or Hot Liquids! specific research projects, and co- 
ordinate other department activities with 

market research investigation. He be- 
TYPE KC came affiliated with the company in 1941 
HORIZONTAL under a Koppers Fellowship at Mellon 
SHAFT PUMP Institute where, until 1943, he was in 
charge of certain catalytic developments. 


Necrology 


Gaston F. DuBois, consulting en- 
gineer and former officer and director 
of Monsanto Chemical Co., died Nov. 1. 
@ Get the facts on . He joined the newly formed Monsanto 


this new series. Chemical Co. in 1904 as the third mem- 
Learn how they Type CWO-C ver- ber of the young company’s manage 
Type CWS-C tical shaft pump| Type CWO-C ment. Ilis connection with the company 
vertical shaft pump| (with cantilever | vertical shaft was unbroken until his retirement in 
costs: (with submerged shaft—no sub- pump with 1945 when he remained a member of 
wearing) the company’s board of directors until 


= A G LE P UMP Ss, fe é. March, 1949. He was production mana- 
1255 CENTER AVENUE, CHICAGO HEIGHTS, ILLINOIS ger of Monsanto from 1913 to 1920, 
when he was named vice-president and 

technical director. He served as presi- 

dent from 1919 to 1923, and then re- 

turned to directing the company’s tech 

Res APPLICATIONS nical activities. In 1930, he was made 


vice president in charge of research and 


can cut your 


development and became a member ot 
the company’s Executive Committee in 
1939, Educated at the Federal Poly- 
technic Institute at Zurich, Switzerland, 
he received a degree in chemical eng- 
neering in 1903, and this was followed 
by a postgraduate course in electrochem 
istry at the Technische Hochschule, 
Dresden, Germany. 
A foremost figure in the development 

of the American chemical industry, Mr. 
DuBois was the recipient of many 

awards, 

iward 

INDUSTRIAL LABS D. F. RYNNING 


LABRITECTURE ... 


A New Technique of Laboratory Planning 


Delroy F. Rynning, engineer with 

METALAB offers a basic method in laboratory planning » /4- ' Shell Development Co., Emeryville, 

. called, “LABRITECTURE.” This technique will assist “. Calif.. died Nov. 3, 1953. He received 
and direct you in the modernization and expansion of your his B. S. and M.S. degrees from Ore- 

laboratory or in planning a new one. Our new 4B Catalog von State College, and had previously 
and Manual will give you the sound basis for solving these heen associated with the General Chem. 

laboratory problems. ical Co., El Segundo, Calif. Mr. Ryn- 


For complete “LABRITECTURE” details request our new 180-poge Catalog #8. =f" 2 ok ; ning served on the Publicity Committee 
‘te : for the recent A.I.Ch.E. San Francisco 
ME T A L A B Cgagement Cote. = J Meeting and was editor of the San 


246 DUFFY AVENUE, HICKSVILLE, L. 1, N. Y. EDUCATIONAL Francisco Engineer. 


METALAB EQUIPMENT CORP., 246 Duffy Ave., Hicksville, L. I, N. Y. 
Gentlemen: Please send a copy of your new 180-page Catalog 4B to 


R. K. STONE 


R. King Stone, manufacturer's agent, 
Ross-Meehan Foundries, Chattanooga, 
Tenn., died recently. Early in his career 
he was affiliated with the Hercules 
Powder Co., Tyner, Tenn. 


Name Title 
Company 


Address 


City Zone State 
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Temperature 
Limit Controls 


The Burling Model H-1S is ap- 
proved by Factory Mutual Labo- 
ratories as a high temperature 
safety alarm or cut-out. It is used 
on ovens, furnaces, dryers, and 
similar equipment. Snap-action 
switch may be manual reset type. 


FEATURES OF OTHER 
BURLING CONTROLS 


© Ranges from —300° F. to -+- 1800 F. 
® Electric or Pneumatic 
© One, two or three Micro Switches 
© Differential Expansion of Solids 
No liquids—no gases 
© Explosion and waterproof housing 


Burling 


Controls 


Send for Bulletin 101 


BURLING INSTRUMENT CO. 
4 Vose Ave. 
South Orange, N. J. 


C-R EVACTORS| 
MEET CORROSION PROBLEMS 


The chemical industries are employing more and 


SERA 


& 


REYNOLDS 


more Croll-Reynolds Evactors in vacuum proc- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastelloy, and [llium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
New York Office: 17 John Street, New York 38, N. Y. 
CHILL-VACTORS 


STEAM JET EVACTORS CONDENSING EQUIPMENT 
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THE PRESIDENT SAYS 


n 1904, some four years before A.I.Ch.E. was 

founded, Andrew Carnegie made a handsome 
present of one and a half million dollars to the 
National Societies of Mechanical, Electrical and 
Mining Engineers and the Engineers’ Club of New 
York. [Lhe purpose of the gift was, in Mr. Carnegie’s 
own words, “for the erection of a suitable union 
home for you all in New York City.” This gift was 
divided, about two thirds toward construction of 
the Engineering Societies Building and one third for 
‘The Engineers’ Club. The civil engineers did not 
jom in the Engineering Societies Building at the 
time since they had completed their own headquar- 
ters in 1897. However, in 1917 they moved into 
the joint headquarters and were received as the 
fourth Founder Society. 

At one time A.LCh.E. had its headquarters in the 
Engineering Societies Building. Inability to secure 
enough space eventually forced it out into other 


quarters in Phe Chemists’ Club Building. This was 
unfortunate, in my opinion, for we have never since 
been as close as we should have been to the other 


major engineering societies. All of these groups 
have grown rapidly and such other societies as 
Engineers Council for Professional Development 
and Engineers Joint Council have come into being 
to handle certain matters of importance to engin- 
cers. Quite a lot of pressure has been developing 
in the direction of larger quarters, and it is obvious 
that any such consideration ought to include societies 
other than those now residing in the building. 
Just as soon as a definite idea aimed at a new set-up 
developed, the possibility of moving to another city 
was inevitable. There are many fine cities which 
might be suitable but, for one reason or another, 
four seem most prominent in the picture, namely 
New York, Washington, Pittsburgh, and Chicago. 
No doubt an engineering societies center would be 
an asset to any of these communities and likely any 
one of them would strive, through their municipal 
government and civic organizations, to provide 
financial or other assistance. As a matter of fact, 
interested civic leaders in Pittsburgh and Chicago 
have been most kind and helpful, and in both cases 
there is evidence that the societies could count upon 
the community for assistance of a substantial sort. 

From the operating standpoint, it is apparent 
that there would be great advantages to our societies 
in having their headquarters in the central part of 
the country. The population trend is westward and 
increasingly members of governing boards and com- 
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mittees are coming from western areas. New York 
has been headquarters for so long that there is a 
lot of inertia in even thinking of moving away. 
Once this inertia is overcome, many attractive fea- 
tures are perceptible in a Pittsburgh or Chicago 
location. Pittsburgh is in the throes of a gigantic 
program which is transforming the city where I 
grew up. Au engineering societies center would be 
a feature of its civic building program. In Chicago 
the three universities are spearheading the move- 
ment to bring before the engineering socicties the 
virtues of their city as a headquarters location. 
Political and civic leaders in Chicago have evinced 
considerable interest supplying assistance to 
make the dream come true. The more I hear of 
this plan for a new engineering societies center, 
the more enthusiasm I develop. It seems to me to 
make good sense to consider getting closer to the 
geographic and population center of the country. 
All the major societies, at least, need improved 
headquarters facilities and the events of the past 
fifty years certainly teach us that we must plan for 
expansion. Such a move would be a wonderful help 
in continuing to move toward increased unity in the 
engineering profession. 

Certainly, if a new center is to be erected, where- 
ever it may be, A.I.Ch.E. ought to be part of it. 
I think we should resolve to be in the deal and to 
assume the position that our size and strength en- 
title us to assume. We have a current problem, 
as I have said before. We could tough that out for 
awhile if a serious plan is afoot to lick our problem 
permanently. I hope every member of A.LCh.E. 
will support strongly whatever plan our Council 
recommends. Meanwhile, rest assured that A.I-Ch.E. 
will take an active part in the deliberations that are 
in progress. 

‘This, my friends, is the last column in the series 
which I have devoted to telling you a little some- 
thing about what goes on. I know some of you have 
liked the idea and I hope all of you have somehow 
been helped. Whether President Kirkbride will 
do something of the sort, I am not sure, but I am 
confident that he will find some way to keep you 
posied. And, do not forget the credo of the chem- 
ical engineer: Illegitimis Non Carborundum. 


December, 1953 
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R. P. Dinsmore 
G. E. Holbrook 
W. L. Faith 


Once again the members of the American Institute of 
Chemical Engineers have elected their officers by a 
record vote, nearly 300 more ballots being cast this year 
than in 1952. Of the four top offices, only the vice-presi- 
dency was contested. The president for 1954 is Chalmer G. 
Kirkbride, president and director of Houdry Process 
Corp. In a close race Barnett F. Dodge, professor of 
chemical engineering at Yale University, was elected 
vice-president over Earl P. Stevenson, president of 
Arthur D. Little, Inc. Other members nominated for the 
office, who declined for various reasons, were C. G. Kirk- 
bride, who was a candidate for the presidency, G. G. 
Brown, who declined in order to run for treasurer, G. E. 
Holbrook, who declined and became a candidate for 
director, and R. C. Gunness, of Standard Oil (Indiana) 
Co. Treasurer of the Institute is George Granger 
Brown, dean of the college of engineering at the Univer- 
sity of Michigan, who was appointed to the office by 
Council in the middle of this year on the resignation of 
Carl R. DeLong, treasurer for 16 years. Stephen L. 


Tyler, secretary and executive secretary of i.e A.L.Ch.E. 


C. G. Kirkbride 
8. F. Dodge 
L. P. Scoville 


since 1937, was reelected by the largest number of votes 
cast for any one officer. 

Of the twelve candidates for director, the four with 
the greatest number of votes, who consequently were 
elected, were Loren P. Scoville, vice-president of Jeffer- 
son Chemical Co., who received 1,464 votes; Ray P. 
Dinsmore, vice-president of Goodyear Tire and Rubber 
Co., 1,434 votes; George E. Holbrook, assistant director, 
development department, DuPont Co., 1,303 votes, and 
W. L. Faith, director of engineering, chemical division, 
Corn Products Refining Co., 928 votes. A total of nine- 
teen members were nominated for the directorships, but 
the number of candidates is constitutionally limited to 
the twelve highest on the slate. 

The total number of valid votes cast in the mail ballot 
was 2,791, out of a total active membership of 4,805, 
according-to the report of the Tellers’ Committee, headed 
by F. B. White, Foster Wheeler Corp., and consisting 
of S. B. Adler, The M. W. Kellogg Co.; W. T. Dor- 
sheimer, DuPont Co.; H. L. Malakoff, Cities Service 
Petroleum, Inc.; and Richard Morton, chemical engineer- 
ing representative. 


A. 1. Ch. E. Elects New Officers 
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Fer towers, heat <cchengers, pressure vessels end special 
Piping designed ond menufectured fe 

your perticelor quirements — piete yor confidence in the 
Velcon Manutocturiny, Division. 


With ever o half-<cettury experiance in the secielized budding of 
bwevy, custom-twi't equipment for 

chemicel and proces: industries, Vulcan today ifamis wniquely ready 
meet your special equipment weds. enginmers, 

designer, and prodaction experts are «xperienced ln 
tudying special grobiems with aye 

for enginsarisg quebty and munviecturing economy. 


you hove « proces equipment problom, why eof 
bring If to Vuican? Our Monvtoc! wring 
Division will give it prompt, attention 


Now YORK BOSTON HOMSTON 
PROCESS ENGINERRING CO., LTD. MONTREAL, Camara 


DIVISIONS Di THE VULCALs COPPER & SUPPLY 
VULCAN ENGIMEERING YVLCAN MAMUTACTURING DIVISTUN © YULCAN CONSTMICTION CIVISION © VULCAN AL SUPPLY DIVE: ON 


4 
NEEDS... 
; 
q 
j 

? r 

4 


FLUID MIXING for your process 
is developed with modern test 
equipment, such as this pilot plant 
set-up for heat transfer study. 


Don't be satisfied with “just average” fluid 
mixing. 

There's a tremendous bonus in having 
the mixing researched and engineered to fit 
your process. 

You can often get sensational time sav- 
ings—cut process time down from hours 
to minutes. 

Correct mixing can give you tight control 
of a critical process. Control of dissolving 
rate, gas bubble size, crystal size, heat 
transfer coefficients. 

You can often combine mixing operations 
—stack up 2 series of tanks into a vertical 
column to save plant space, process time, 
equipment cost. 


IMPELLER FLUID REGIME 
is studied by means of 
ultra-high-speed motion 
pictures, to determine op- 
timum balance of flow 
ond shear. 


How to be SUE of fluid mixing results 


THESE SERVICES COST YOU NOTHING 
At MIxco you'll find: 
1. A large staff of engineers who spe- 
cialize in fluid mixing. 
2. Detailed data on thousands of suc- 
cessful mixer installations. 
3. Scale-up methods that are guaranteed 
accurate. 
4. Full guarantee of successful results. 
You can save many months by using these 
unique engineering facilities, without cost 
or obligation. Write us today for full details 
about engineered fluid mixing and what it 
can do for you. 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 
in Canada: William & J. G. Greey, Ltd., Toronto 1, Ont. 


DH-50 Laboratory Mixers 


(CD 8-75 Portable Mixers (electric 
and air driven) 


Please send me the catologs checked at left. 


N 

8-102 Top Entering Mixers 

(turbine and paddle types) 
(J 8-103 Top Entering Mixers Company 

(propeller type) 
() B-104 Side Entering Mixers Add 
(CD 8-105 Condensed Catalog | 

(complete line) 
(CD 8-107 Mixing Doto Sheet City__ 


Title 


testing is done in tanks os 
lerge as 70,000 gallons. 
Big test equipment helps 
to insure scale-up accuracy. 


TOP ENTERING — turbine 


ond paddie types. Sizes 
1 to 500 HP. 


SIDE ENTERING — propel- 
ler type. Sizes | to 25 HP 


PORTABLE — electric or 
o'r criven. Sizes Vato 3 HP. 


MIXCO fluid mixing specialists 
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